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ADDENDA ET COBEIGENDA. 

The height adopted for South-End Calcutta hase-line, lyo feet, ia the value above mean aea 

, Page The East-End of .Dehra Boon base-line was connected with mean sea level at Karachi by the 

spirit levelling operations in 1862 (see page 1I_ ). 

Page YI — ^ The South-West-End of Ohach or Attock base-line was connected with mean sea level at Kara- 
chi by the, ^spirit levelling operations in 1860 (see page 

Page YII — g It may be understood from what is stated on this page, that the height of the base-line adopted 

S -1^0 mean sea level, was deduced by means of the vertical angles connecting the 

ling (^ef pa|u rahiM^rf^height employed «e those oWained from the spirit level- 
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The Chart which faces the title page of this volume is au Index to the principal triangulation and the 
geodetic operations of the Great Trigonometrical Survey of India^ from the commencement of the ‘’Mathe- 
matical and Geographical Survey of the Peninsnla^ in^ 1800^ up to the termination of the field 

season of 1869-70. 

The net-work of triangulation in the southern Peninsula, which is shown on the chart hy fine lines, 
was executed during the three first decades of the progress of the Survey, and was completed before the year 
1830. Up to that year the instruments which were respectively used for the linear and the angular measurer 
ments, though good for the time, were much inferior to those which were then constructed for the Survey, 
under Colonel Everest's superintendence, in England, and which even at the present time are scarcely sur- 
passed hy the best modern instruments, And, with the introduction of the new instruments, a new system 
of observation was introduced, which was more rigorous and refined and better calculated to give accurate 
and precise results than the less laborious and unsystematic methods of procedure which had been previously 
followed. 

Thus the year 1830 marks an epoch of transition in the history of the Trigonometrical Survey of 
India which is of very considerable importance, The Index Chart has therefore been prepared so as to per- 
mit of the operations before and after that year being readily distinguished ; it shows that the net- work 
system of triangulation was succeeded by a system of chains of triangles, following certain obligatory meri- 
dians and parallels and the coast and frontier lines, and forming what is known as ^the gridiron system of 
triangulation'. These chains are indicated on the chart by strong lines. In order that the chart—which is 
necessarily on a very small scale, viz. might not be confused with too many details, all secon- 

dary triangulation — ^both before and after the year 1830— has been omitted, with the exception of that to the 
peaks of the Himalayan and the Soolimani mountain ranges, which lie beyond the chains of the principal 
triangles, But the stations at which the latitude or the azimuth has been determined by astronomical obser- 
vations, and those’ at which pendulums have been swung to determine the force of gravity, are all shown, 

Of the several operations the only portions which have hitherto been published in detail are those relat- 
ing to the central meridional chain of triangles which extends from Cape Comorin to the Himalayas— 
generally known as 'the Great Arc'— and the triangulation which was executed in the southern parts of 
the Peninsulaj shortly after the commencement of the Survey, By far the greater portion of the work has 
not yet been published in detail, and a very large portion has not been published in any shape whatever. 



X 


PEEFAOE. 


Por many years it was tlie custom to prepare three copies of tlie results of tlie operations; in manuscript^ 
one for the use of the Geographer to the India Office in London^ another for the Surveyor Generahs Office in 
Calcutta^ and a third for the Head Quarterns Office of the Trigonometrical Survey in Dehra Boon ; copies of 
such portions as were required for the use of Topographical Surveyors were also prepared in manuscript when- 
ever wanted, But of late years preliminary charts of the triangulation, containing full numerical data of the 
latitudes, longitudes, azimuths and distances of the stations and other permanent points of reference, have 
been photozincographed for general use. Thus the requirements of all the persons who were most directly 
interested in the results of the operations have been fully satisfied, and any further publication of the result 
has been postponed until the operations were sufficiently advanced to permit of final results being arrived at. 

It is obvious that every operation of a survey must necessarily be fallible, and therefore that all newly 
obtained facts of observation, that are susceptible of being combined with those which have been previously 
acquired, are liable to disturb the results which were previously arrived at : every additional base-line and 
every new chain of triangles must necessarily exercise some infiuence on the operations generally, and more 
particularly on those in their immediate neighborhood. Thus therefore before a triangulation can be finally 
reduced and all if s parts harmonized, it is necessary either that the whole of the angular and of the linear 
measurements shall have heen completed, or that they shall have so nearly approached completion that what 
remains to be done may hereafter he fitted into what has already heen done, without any serious violation 
of principle, It is only of late years that the operations of this Survey have heen sufficiently advanced towards 
completion to justify the commencement of the final reductions; these reductions are however being now 
preceded with, and the time has arrived when publication may be commenced. 

t 

The present volume is intended to he the first of a series which, when completed, will give full 
details of the operations of this Survey, from the preliminary stage of the actual observations and measure- 
ments to the most probable — and therefore the final-results. It commences with a general account of the 
early operations, or those executed during the first thirty years of the existence of the Survey, mostly under 
the superintendence of Colonel Lambton, hut partly under Captain Everest, These operations must even- 
tually he reduced on the basis of the modern triangulation, but this will probably he one of the last stages 
to be taken in the general reduction of the operations of the Survey. The remainder of this volume is de- 
voted to a consideration of, first, the Standards of Length, their thermal expansions and their relations to 
the European Standards, and, secondly, the Base-Lines, both those which were measured with chains before 
the, year 1830, and those measured with the apparatus of compensation bars and microscopes after that year. 
It is intended that the details and results of the triangulation and of the astronomical and the pendulum obser- 
vations shall be given in the subsequent volumes. 

As regards the present volume I must express my obligations to Colonel Thuillier, the Surveyor General 
of India, for the accompanying Index Chart of the operations of this Survey, which he kindly undertook to have 
engraved at hia office; also to Major General Sir Henry James, Director of the Ordnance Survey of Great 
Brit|in and Ireland, for permitting certain standards, which were constructed in 1864 for the Trigonometrical 
Survey of ludia, to be compared; in his Office, with the Ordnance and with other European standards. 
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To Captain A. R. Clarice R.E. of the Ordnance Survey, I am very much indebted for his most 
elaborate and exact comparisons of the new Indian standards of length with those of the Ordnance Survey, 
for his determinations of the thermal expansions of the principal of these standards, and for calibrating a 
new thermometer as a standard of reference for this Survey. The whole of these operations are fully described 
in sections XVI, XVIII, XIX and XX of Ms Comparisons of the Standards of Length of England, France, 
Belgium, Prussia, Russia, India and Australia; London 1866. Captain Clarice’s labors have materially faci- 
litated the operations in tMs country, and have not only relieved us of much labor, hut have supplied us 
with results wMch apparently possess the utmost accuracy that is practically attainable. 

To the Officers of the Great Trigonometrical Survey who have had a share in the operations discussed 
in this volume, I am most indebted to J. B. N. Hennessey, Esquire, who has for many years past been in 
charge of the Computing Office at the Head Quarters of the Department, and whose, constant self-de- 
votion to Ms work, and accurate and conscientious discharge of his duties, I cannot praise too highly. 
He has either supervised or taken a principal share in the whole of the comparisons of standards wMeh have 
been made in India since the year 1866, and are here described ; he has also reinvestigated the factor of 
expansion of the principal standards of length of this Survey, his account of which operation is given in 
Appendix No. 6 ; and he has superintended the reduction of most of the ten base-lines of wMch the details 
are given in this volume, and has prepared the whole of them for publication. In these duties he has received 
much and valuable assistance from W. H. Cole, Esquire m. a., to whom several of the appendices to tMs 
volume are due. 

To Captain J. P. Basevi, R.E., I am indebted for the Appendix on the Practical Errors of the Measure, 
ment of the Cape Comorin base-line; he supervised the operations of the measurement, wMch were 
purposely so conducted as to ascertain, in every possibly way, the probable errors of the linear measurements 
with the compensation apparatus. To Captain J. Herschel, R.E., I am also much indebted for his assistance in 
the practical operations of that base-line, and in the reduction of the observations, in wMch his ready aid and 
thoughtful suggestions were always very valuable. 

Behra Boon, 1 J. T. WALKER, Colonel, R.E., 

ht Becember 1870. J Supmntendent Great Trigonometrical Survey of India, 
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UP TO THE YEAR 1830. 




AN ACCOUNT OF THE OPEEATIONS FROM 
COMMENCEMENT OF THE SUEVEY TO 

THE YEAR 1830. 

Origin^ and proposed objects of th Survey. • 

Towards the close of the year 1799, Major Lambton, of H. M’s. 33rd Regiment of Foot, 
drew np a project for a Geographical Survey of the southern Peninsula of India, from the coast 
of Coromandel to the Malabar coast, which was submitted, with the approval and recommenda- 
tion of his Commanding Officer, the Hon’ble Colonel Wellesley — afterwards the great Duke of 
Wellington— to the consideration of Lord Clive— afterwards Earl Powis — who was then 
Governor of Madras. The Trigonometrical Survey of India owes its origin to Major Lambton’s 
proposals, and to the circumstance that at the time when they were submitted to the Madras 
Government, a large accession of territory, in the centre of the Peninsula, which opened a free 
communication with the Malabar Coast, had been recently acquired, by the success of the 
British arms in the Mysore Campaign ; thus the Government was readily convinced of the 
necessity for a survey to be undertaken with the object of furnishing a basis for the geography 
of the Peninsula, and for connecting the local surveys which were being commenced in the 
newly acquired provinces, with those of other portions of the Madras Presidency which had 
been completed or were then in progress. 

The earliest document in the records of this Department is a letter — dated 10th Feb- 
ruary 1800 — from ‘ Brigade-Major’ Lambton to the Madras Government, communicating his 
proposals for a ‘ Mathematical and Geographical Survey’ to be extended across the Presidency 
under his direction, “with a view to determine the exact positions of all the great objects 
“ that appeared best calculated to become permanent geographical marks, to be hereafter guides 
“ for facilitating a general survey of the Peninsula.” 

In this letter he alludes to previous correspondence on the subject, which had led to his 
being called on to submit a definite scheme of operations, and he observes that ‘‘the utility of 
“ such a work, and the advantage and information which the nation would derive therefrom, 
“are so clearly understood that no argument is necessary to demonstrate it’s advantages. 
“ The Surveyors of particular districts will be spared much labor when they know the position 
“ of some leading points to which they can refer, because when these points are laid down in 
“ the exact situations in which they are upon the globe, all other objects of whatever deno- 
“ minations, such as towns, forts, rivers &c., which have. a relation to those points, will also 
“ have their situations true in Latitude and Longitude.” 

He then proceeds to give an exposition of the principles on which he proposes to carry 
out the operations. And first he discards all attempts to fix the positions of objects by astro- 
nomical observations only, observing that such determinations are liable to great inaccuracies 
three, four, or perhaps tea. mmutes”~unl 0 ss the observations are very numerous at every 
station. He then proposes to execute a triangulation emanating from a measured base-line, 
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The instruments and the methods of observation and reduction. 

The new instruments were a three-feet theodolite bj Gary ; an eighteen-inch repeating 
theodolite by the same maker ; two steel measuring chains by Ramsden, a standard brass scale 
by Cary, and several small theodolites, by different makers, for minor purposes. 

Of the three-feet or ‘ great ’ theodolite, by Cary, a brief description may be here given, 
as it was employed in the measurement of the principal angles. “ It was a fac-simile of the one 
made by Ramsden for the Board of Ordnance in England, and was originally a very noble piece 
of workmanship and seems to have been divided with great accuracy”.* The azimuthal circle 
was 36 inches in diameter, but it was read by two microscopes only, which were placed at 180" 
apart ; the vortical circle appears to have had a diameter of 18 inches, and two microscopes ; 
the focal length of the telescope was 37 inches, aperture 2‘5 inches, and the magnifying powers 
were 36,45 and 66 ; a micromotor, adapted for vertical measurements, was fitted to the eye-piece. 

Major Lambton has given the following description of the system which he pursued in 
measuring the horizontal anglesf and in apportioning their errors. 

“ As to the angles in general they have been taken three and four times, and every time 
“ that the object was observed, both microscopes wore road off thrice, and two separate field-books 
“ kept for making out the angles. What are hero made use of are the means taken from two 
“ books. In case a differenco of those angles, noticed at the time, left any reason to suspect an 
“ error in the instrument, the division between the dots was carefully examined, as well as those 
“to the right and left, and if any error was discovered, allowance was made accordingly,' 
“ Difficulty however very frequently arose from the haziness of the weather, which rendered the 
“ objects at the very distant , points extremely dull, and occasioned some irregularity in the 
“ angles. Whenever that happened the observations were often repeated, and in case any one 
“ in particular was -different from the other so much as ten' seconds, it was rejected till the three 
“ angles of the triangle had been observed. If the sum of these angles was near what it ought 
“ to be, $ no further notice was taken of it, but should the sum of the three angles be nearer 
“the truth by taking it into the account, and that there appeared an irregularity in the other 
“ two observed angles, I have made it a rule to take each observed angle as a correct one, and 
“ divide the excess or defect between the other two, and then compute from the given side the 
“ other two sides ; and after doing the same thing with each of the angles successively, a mean 
“ of the sides thus brought out was taken, which to certain limits will always be near the truth. 
“I then varied the selection of the observed angles, rejecting such as I had reason to doubt, and 
“ by correcting them and computing the two required sides of the triangle, those which gave 
the sides nearest to what had been brought out' by the other method, were adopted, let the 
“ error be what it would. This however has rarely happened, and when it did, great precaution 
“ was used, and no angle was rejected without some reason appeared to render it doubtful”. 


♦ So 0 Colonel JOyepest’s Account of the Measurment of an Arc of the Meridian^ 1830, 

t Page 63 of Vol, X Of the General Boport; of fcho Tngononiefirical Survey, in matnisoript, 

I In such eatiea the error of the triangle was «o dividecl that each angle reoeired ft correotion pfoportioned to it’» ))mgnitud«^ 
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Such a system of operation is not calculated to elicit results of tlie full accuracy which 
an instrument can be made to give, and the method of treating the results was Bomewliat 
trary and would not now-a-days • be considered justifiable ; but tho procesBOB were quite au % 
par with the contemporary operations of European geodesists, and it would be imreasouablci 
to expect a higher order of accuracy, or more scientific methods of analysis and ruduction, in 
a work winch from the outset was beset with many difficulties, and waa earriod on at so great 
a distance from the centres of civilization and science. 

The difficulties which Major Lainbtoii alludes to as arising from tlio IiavfineBS of tho 
weather might have been materially dimimBhed had ho been supplied with luuiinrmB signaln, 
such as heliotropes and lamps, to erect on the stations which ho was obBorviug; hut such 
signals were not employed in the operations of the survey until after the year lS3Ji» when they 
were introduced by Colonel Everest. For very many years the signals were ‘‘ nnrstSi 
staves, and other opaque objects, and theq days and; days; often passed away without a glimpse 
of the distant object.” As the atmosphere in India is usually most favorable daring the rainy 
season, for viewing such objects, it became the practice to wait fi)r tlie first liouvy iall ot rain 
and then take the field, and, so long as the operations were restricted to the Boutliorn portituia 
of the Peninsula, the practice 'does not appear to have boen attended with any other detriineufc 
than the great personal inconvenience of the Surveyors. But on proceeding to the north, into 
the basins of the Kistna and the Godavery rivers, though at this soaBoti tlio utniospli ire wm 
still most favorable for the operations, the cliinato was found to be very deadly, and Oolouel, 
Everest, who had then been recently appointed to the survey, and was conunoucing, in thoso 
regions, the operations which have won lor him suoh lioiior as a geodesint, was due of the 
many sufferers ; he has left on record the following remarks on this sul)ject,~ 

“ It is easy to conceive what a reckless waste of life and health was caimed by this 
posure to the ‘pitiless pelting of the tropical rains, in forest tracts teeming with miasma : m 
constitution, European or Asiatic, could bear up for any lougtli of tin^ agaiust such a ctun- 
“ plication of hardships as thence arose,— eternal watclunga by day to the prevention of all 
“ regular exercise-tents decomposing into their original elements— servants— cattle— 

“ —clothes— bedding— all daily dripping with rain— every cornlbrt wliioh tUo indwolioTa hf 
<< cities and leaders of regular lives deem essential to happinesB and even to oxistenoo, re- 

^‘ morsely sacrificed.*^ 

“ The introduction of lamps and heliotropes has totally changed the faCG of thiriffs, and 
« by rendering the rainy season the least fitting period for observing Imninoiia ohjeotst OMpo- 
“ cially those dependent on cloudless skies, has afforded an opportunity of which I oaivorly 

“ availed myself to spare the health of my valuable subordinates, by ordering them to doHist 
“ from field operations at the very period whiejh, in the early part of my career and my foiic 
years* heavy apprenticeship, used to be chosen par emlknce fyv their oorntnonocment." 


Geodotic, investigations a necessary part of the operations. 

It has already been stated that one of the objects which Oolotiel I 
view was the determination of the elements of tho figure of the Earth, as a pi 
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calculations of the latitudes and longitudes of the trigonometrical stations. The necessity for 
so doing is indicated by the erroneous values of the best determinations of those elements 
which were known to him when he was commencing his operations, and which he was obliged 
to employ in the calculations of the spherical excesses of the triangles, until he had himself 
succeeded in making better determinations. The adopted value of the compression— or ellip- 
ticity— was -jig-, or about twice the true amount, and the adopted lengths of meridional arcs in 
latitude 13 “^ were too small by about 4*85 parts in 1000, while the lengths of the arcs of paral- 
lel in that latitude were too great by about r43 parts in 1000.’^ 

Colonel Lambton decided on determining the figure of that portion of the earth’s surface 
to which his operations would be restricted, by measuring the lengths of meridional arcs in 
successive parallels of latitude, from Cape Comorin northwards, and the lengths of arcs of 
great-circles perpendicular to the meridians, on the parallels of Madras and Bombay. He 
intended to apply the results to the triangulation, with the expectation that the latitudes and 
longitudes of the trigonometrical stations would thus be determined “to a certain extent from 
actual measurement, and in a great measure independently of any hypothesis of the earth’s 
figure/’ 





‘Determination of the length of arcs of great circles perpendicular to a meridian. 


One of the first objects to which Colonel Lambton 'devoted himself after obtaining the 
great theodolite from England, was the determination of the lengths of arcs of great circles 
perpendicular to the meridians of certain of the principal stations. Stations for the triangulation 
westwards from Madras to Bangalore and thence to Mangalore had been previously so selected 
as to present several pairs of reciprocating stations in nearly the same latitudes and at distances 
of 62 to 64 miles apart. The exact distances were determined by triangulation from the near- 


est base-lines, which also furnished data for the calculation of the latitudes from the nearest 


astronomical stations ; the mutual azimuths were determined by observations of the pole-star ; 
and with these data the great-circle arcs corresponding to the distances were determined by 
spherical astronomy, and then the lengths of degrees of great-circles perpendicular to the 
meridians were computed. 

The I’esults of these operations were as follows, f 

length of the perpendicular degree in Lat. 12° 32 ' 12" 6io6i‘o fathoms 

12 56 10 60743*8 

j> 5) >s 6o7_5 i S „ 


Of these operations, which were carried out in the years 1802 - 5 , Colonel Lambton re- 
marks that “ the more we investigate this interesting subject, and the more ample means we 
employ to ascertain the exact figure of the earth, the more seems to be wanting to satisfy 
** our research; and if we feel reluctant in giving up the elliptic hypothesis, because it is 


* Sfie page 66 of Vot I of the General Report of the rrigohometrioal Sta*vey, in manuBoript, 
t Bee TUI, page X93, and yoI. X, page 366. 
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consonant to that harmony and order with which we are familiar, the discord which these 
“results indicate affords by no means sufficient evidence to induce us to abandon that theory. 

“ The great nicety in making the pole-star observations is well understood, and it will be made 
“ more manifest in the case before us by increasing or diminishing the half sum of the angles 
“ with the meridians, reciprocally taken at MullapimnaheUa and Savendroog, by one second only, 

“ when it will appear that a difference of nearly one hundred mid fifty fcdhoms, in the perpendi- 
“cular degree, will be occasioned thereby. I am fully aware of the delicacy necessary in 
“ takiiio' these anu'les, and I am also aware that some eminent Mathematicians consider the 

o 

“ method of determining the difference of longitude by the convergency of meridians as in- 
“ sufficient in these low latitudes ; yet I am of opinion that by repeating tliese observations, 

“ whenever stations can be found either in the same or in different latitudes, the truth may 
“ ultimately be very nearly attained.'’ ’’’ 

For several years Colonel Lambton computed the latitudes and longitudes of the stations 
of the survey with the elements of the figure of the earth which were afforded by a short 
meridional arc in the neighborhood of Madras, and by the mean of the two values of the per- 
pendicular degree in latitude la® 55' 10" above iudicated. But about the year 1812 , by which’ 
time he had carried the great meridional arc from Cape Comorin northwards to Gooty — a dis- 
tance of about 7“' — and had received the results of recent geodetic operations in Europe, he 
ascertained that — assuming the earth to be. a regular spheroid — his adopted value of the per- 
pendicular degree was about 1 20 fathoms too small, for the most probable value afforded by 
the new data was 60867 fathoms. Colonel Lambton accepted tlie neAv value, and employed it — 
with an ellipticity nearly, and ior the meridional degree in latitude 13° 34' 44'' the value 

6049 r4 fathoms, — in recomputing the latitudes and longitudes previously determined, J and in 
all computations of the elements of the stations which were fixed in the course of the opera- 
•tions of the subsequent decade. 

No record is forthcoming of any further operations to determine the lengths of arcs 
perpendicular to the meridian, but Colonel Lambton was for many years favorably disposed to 
such investigations, as is apparent from the instructions -which he gave to Oaptaui Everest in 
the year 1822 , when that officer was coinmoncing the triangulation, on the parallel of 18°, which 
was to be extended from the Great Arc to the island of Bombay. Captain Everest was en- 
joined to lay out the triangulation in such a manner as to give distances “between sixty and 
“ seventy miles in length, and as nearly from east to west in their direction as possible, so that 
“the difference of longitude between the two extremities of such distances may be determined 
“ by pole-star observations.” The triangulation was duly completed, and several azimuths were 
observed, but the proposed determinations of differences of longitude do not appear to have been 
carried out. 


* See Asiatk Mesearches Vol. X j^age 366. 

t Seo pages 7 and 22 of Vol. Ill of the General Boport of the Trigonometrical Survey (in manuscript) of which there is a copy 
in the India office. 

X All the values of diirerenco of longitude hetwoen the MadrM observatory and the stations of the triangulation, which aro given 
in volumes X and XII of the AsiaiiG MeseareJm^ arc too great, hy about 7'^ for 1° of longitude, as tho adopted values of the correspoiiding 
perpendicular degree Vere too smalL 
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Deieminafims of ih' length of meridional arcs. 

Of all Colonel Lambton’s contributions to geodesy, the most important are his measure- 
ments of meridional arcs, the results of which have been employed up to the present time, in 
combination with those of analogous operations in other parts of the globe, in all investigations 
of the figure of the earth. 

As the instruments with which he was supplied when he commenced his labors wei'O 
merely a measuring chain and a zenith sector, his first operations were necessarily restricted 
to the measurement of base-lines, and to taking astronomical observations for the determina’^ 
tion of the latitudes of certain stations on the proposed meridional arcs. The zenith sector^ 
was constructed by Rainsden, and is stated by Oolonel Everest to have been “ a beautiful 
instrument for that timef it had an arc of to a radius of 5 and is described by Colonel 
Lambton in the Asiatic Researches ( Vol. VIIl p. 180 ), and is similar to the zenith sector 
described by General Roy in the Philosophical Transactions for 1790 , 

The first meridional arc which was measured was 1° 35' in length, between the stations 
of Trivandeporum and Paudree, and lies at a distance of about 35 miles to the west of the 
meridian of the Madras observatory. It made the length of the degree := 60494 fathoms in 
latitude iz” 32'.! 

The arcs subsequently measxired were all portions of what is now known as the great 
Indian Arc. In the' first instance an arc of about 2® in length was measured from the station 
of Dodagooutah — near Bangalore— southwards to Patchapolliam ; it made the length of the 
degree == 60330 fathoms in latitude 11° 39' 5 5 '^^ This arc was then extended northwards to 
Paughur, making the length of the degree = 60466 fathoms in latitude 12° 33' 9",^ 

Thus it was evident either that the elliptical hypothesis of the earth’s figure was erroneous — 
for the lengths of the degrees were apparently decreasing instead of increasing with the latitude — 
or that the operations were not reliable, being erroneous either intrinsically or from circumstances 
beyond .control, Similar anomalies had perplexed most of the geodesists of that time, and 
have given rise to much discussion ; it is now well known that they are duo, for the most 
part, to deflections of the plumb line, by local attraction, at the astronomical stations ; but at 
that time many persons supposed tliat they arose from errors in the observations, and it was 
not until the operations had been repeated in several instances, with more perfect instruments 
and better modes of observation and reduction, and exhibited the unmistakeable reality of the 
discrepancies, § that the cause became generally recognized. 

But Colonel Lambton appears from the outset to have conjectured that the discrepanoies 
in his operations arose from local attraction; and thus, instead of revising his triangulation or his 
astronomical observations, he immediately proceeded to select new stations, which were less 


• Bee AHaiio JReftmrc/m Vol, X, for a discuBBion of ntunorous obeomtioiis woie taken with tMa mstru»ient by Captaiw 
Warren at the Madras ohsorviitoi’y. 

^ Mqq AiMia V0I Vin fage 

% See pa^Q S74( of VoL I of the Ooneral fioport of the Trigonomotrioftl Surrey, in manufioript. 

§ Seo Briuoipja Trianguktion of Ordnoaco Survey, page 560. 



THE EAEW OPEMTIONS OF THE SURVEt. 


ZXIII 


a 




liable to the influence of tbe attraction of hills and superficial irrognlaritics, and ho ohsorvod 
their latitudes. Thus Paughur being on the northern extremity of a range of rocky hilli 
running north and south’’ was rejected, and the station of BoinaBundi’um, in an open plain 
about 10 miles to the S.E., was adopted instead; the arc from thGiice to Patehapolliam made 
the mean length of the degree = 60451 fathoms, in latitude 2*9^ 5^^^* Oolonol Laxnbton 
remarks on this result that “ when, after a very excellent set of observations, the degroo duo 
^‘to the middle point of the arc between Bomasuudrmn and Patehapolliam was found to bo loss 
“than what was deduced from the arc terminated by the parallel of Paughur, I own I felt both 
“ surprise and disappointment.” 

He still however had an intuitive conviction that the diBcrepaucios wore duo to local 
attraction, and he attributed them partly to the influence of the great table land to the soutli of 
Bomasuudrum on which Dodagoontah is situated, and partly to “ a vein of dense ore lying 
between the two stations”. He concluded that it would be impossible fo arrive at more accurate 
values of the measures of meridional degrees, until the operations, both in. Europe and in India, 
had been further extended, but that what had been done up to that time ‘‘ had discovered to UB 
an agent unthought of in former days, viz,, a disturbing force oocaBioned by the attraotioii 
of mountains, and by diversity in the density of stratch under the suffiicG^ all which will more or 
“less cause some deflection of the plumb-line”. The words hero italicized, and other pUBsagOB 
in his writings to the same effect — as for instance whore he h( 3 sitatingly exproHHOH a hope that 
the sandy plains of the Carnatic may be “free from those mconveuioucoB which are found in 
“ mountainous regions” — show that Colonel Lambfcon was prepared to rooognizo the inlluonee not 
only of mountain ranges and other self-evident irregularities of tlio earth’s crust, but of variations 
in density under the surface, such as half a century afterwards wore proved to exist below tho 
plains on which Moscow is situated, and which are very possibly of more importance than tho 
superficial irregularities to which the attention of geodesists has hitherto been chiefly devoted. 

The next meridional arc which was measured lies between Patehapolliam and Pimnm, 
and is an extension of the former operations southwards to tho vicinity of Capo Comorin. Tho 
amplitude of this arc was 2® 50', and it made tho length of tho degree = 60472*83 in ktitrido 
9® 34' 44". Operations were subsequently carried nortlrwards to Namthabad, in latitude 15® 6^, 
completing an arc of 4° 6' in amplitude from Patehapolliam, which made the length of tho 
degree = 60487*56 fathoms in latitude 13° 2' 

As the results afforded by the arcs Punnoe-Patchapolliam-lSramthabad wore very fairly 
accordant inter se and with those of recent European arcs, on tho elliptic hypothesis, and as tho 
three astronomical stations were to all appearance much less liable to be affected by local 
attraction than the stations of Dodagoontah, Paughur and Bomasundrum, Colonel Lambton 
decided on rejecting the last mentioned stations, and retaining the others only. 

Bessel, in his investigation of the figure of the earth, has employed Colonel X^ambton^s 
observations at Dodagoontah, but he has rejected tho observations at Paughur and Boma- 
sundrum, and in this he has been followed by Captain Clarke ; but all, if any, of tho stations 


* See page 5 of vol. Ill of the Oonoral Jteport of tho rrigonomotricftl Sutroy, in inarmscript. 
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slioiild be used, if Colonel Lambton’s hypothesis that the plumb-line is deflected in opposite direc- 
tions by intermediate masses between the northern and the southern stations is correct. That the 
deflection to the north at Dodagoontah is probably very considerable has been recently shown, 
on the completion of the modem principal triangulation between Madras and Bangalore ; the 
geodetic latitude of Dodagoontah, as referred to the astronomical latitude of Madras, is found 
to he . 8^'' '4 in excess of the value which was deduced by , Bessel from a discussion of Colonel 
Lambton’s zenith distances, and which lias been closely corroborated by Captain Herschers 
recent zenith distances. 

It is unnecessary to enter into the details of the operations for extending the Great 
Arc northwards ; by the year 1815 they had been carried up to Daumergida, in latitude i8°3', 
under Oolonel Lambton s superintendence, and afterwards they were advanced to Takal Khera, 
in latitude ax'" 6', with Captain Everest’s assistance; and by the year 1825 they had been 
extended by Captain .Everest up to Kaliaripur, in latitude 24° 7'. 

TIio sections from Daumergida northwards to Kalianpur were re-measured by Captain 
— ‘then Lieutenant Colonel — Everest, after his return from Europe in 1830, with the aid of 
the best modern instruments and appliances, wliich he had been most liberally supplied with 
by the Court of Directors of the Hon’ble East India Company. The comparative results of 
tlie ancient and the modern operations are set forth in Oolonel Everest’s Account of the mca- 
Buvement of two hccUom of the mendioniil are of Indict, 1S47. The angles which had been 
measured with the old theodolites, before the introduction of the systematic method of elimi- 
nating errors of graduation, were found to differ by 3'' to &' and even as much as 10" from 
the values by tlie new theodolites, while those which had been subsequently measured usually 
agreed within i"' and rarely differed by more than to 3" from the new values.'^' By the 
old triangulation and base-lines, the difference between the computed and the measured value 
of tlie Beder base was 6'58 ;fbet,f or rather more than the five-thousandth part, by the new it 
was only 0-36 of a footj. The unit of length of the old operations was not known with any 
certainty, and the base-lines, having been merely measured with chains, were unreliable^. Never- 
theless these errors had fortuitously tended to cancel each other, in the meridionaf arc from. 
Dauinorgida to Kalianpur, and the total length, 2202926*2 feet|| by the revised operations, 
differed (in excess) from the original value by ,1067 feet only. 

A still more remarkable instance of fortuitous cancelment of error is presented by the 
old value of the corresponding astronomical arc of amplitude, which differs from the new 
by only o''* 29.^! The original observations had been made with a zenith sector, the arc of 
which was too small to permit of any of the stars which had been observed up to that time at 
the southern stations of the Great Arc being satisfactorily observed higher north, most of them 
falling quite beyond the range of the sector; thus it was necessary to resort to the method of 


^ See IB'oerest's Are Booh of Xd>^iS~-vage XL 
t » „ » „ XLI 

§ See mMon 7 of Qlict/gUr V of the prfmtit mlmie, 

II See Bmresfs Arc Booh of 1847 page XLIV, and Ms Arc Booh of page 112. 
^ Amplitudo by origiBol operations, 3' 55^^'78. See Arc Booh of 1830 page 112, 
roYised „ 6 3 6B -97. „ 1847 191. 
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absolute latitudes instead of differential arcs, wliicli introduced tlie— in those days very liirgo— - 
errors of star's places ; moreover the observations were comparatively few, and they wore without 
barometric readings for the determination of the refractions. On the other hand, iu the Hub.se- 
qnent operations, the observations at Dauinergida and Kalianpur were very iiumerouH ami 
strictly differential, the same stars being observed at the same times witli two colosBaraHkonouii*- 
cal circles, one at each station. 

The sections of the Great Arc from Danmergida southwards to PnnncB are being re-rac^a- 
snred at the present time, at the recommendation of tlie Fresiflent and Council of the lloyal 
Society,*^' but the undertaking is not yet sufficiently advanced to permit of the rCHults l)eing 
closely compared with those of the early operations, excepting at the Bangalore base, the orror 
of which has been found to be about the —til part of it’s length. Tliero is however every 
reason to expect that the discrepancies in these sections will be of greater importance than in 
those which were re-measured by Colonel Everest, and which being the latest wore probably 
the most accurate. It is kmown that in the early operations the obsorvatimiB were very few and 
not so systematic as afterwards ; in several cases only two of the angles of the jirincipal 
triangles were measured, whereas subsequently all tliree angles were moasurod, and the triaii- 
gulation was further strengthened by adopting the form of a cliain of polygonal liguroB in the 
place of single triangles. 


7 . 

hfmy to the Great Thci^doUte. 

During tlie year 1808, Colonel Lambton’s great tlienclolito mot with a very Bcrioiia mis- 
fortune ; iu being hoisted, in it’s case, to the aurnmit of a lofty pagoda on the plaina of ’'[’aii joru, 
the bearing rope, wbich kept the weight from striking agiiiiist the'shlo of the building, siiapiH-d, 
and the instrument, case and all, struck with a violent crasli on the wall, brciik'ing tlie orho and 
so distorting the azimuthal circle as to render it to all appearance worlhloHH.f Colonel Dambtou 
took the instrument to pieces, and after six weeks of -anxiorm and imcoiiaing esorlioti, iw nuc- 
ceeded in drawing out the injured circle to it’s original sba[)e; by means of wedges, HcrewB and 
pullicSt lo what extent the gi aduatioii was injured does not appear to have ever heen dclinitely 
asem-tained. ; but the accident led to the eventual introduction of a Rysteinatio method of obser- 
vation, giving readings of the azimuthal circles at mimerous equidistant graduations and tliiw 
eliminating the effects of errors of graduation to a very cnnsidei'ablo extent. This m'etliod of 
observation has been attended with very great success, 'and since it’s introduction the priuciii'a 
angles of this survey have been measured with a degree of accuracy whioh is probably ' not 
surpassed by the best Butopeau surveys, and is approached by thein only ; but it was ori'^inatiHl 
by Colonel Everest, and during the operations before the year 1818~when that offiwr 'was 

appointed an assistant to Colonel Lambton — there was no systematic ‘ chaiifo of zero’ and 
frequently no change at all, ^ " * * 




t 8ee Meresfs Are Booh of 1830 :page 4.6. ^ ’ 
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The. Gemral Triangulaiion of the southern Peninsula, up to the pardlkl of 16°, 

The geodetic operations which have already been reviewed, formed but a small portion 
of the labors of Colonel Lambton. Though executed with greater care and attention to accuracy 
of detail than other portions of the operations' — in order to furnish the elements of the figure 
of the earth which were required for the calculations of the latitudes and longitudes of the tri- 
gonometrical stations — they were merely the basis of a vast net-work of principal and secondary 
triangulation, which was thrown over all the accessible portions of the Peninsula, from Cape Co- 
morin to the parallel of 16°, covering an area of which the length is about 8° in latitude, and 
the average breadth 5° in longitude. This region is, for the most part, exceedingly favorable for 
the rapid execution of a net-work of triangiilatiori ; it presents numerous hills, either isolated 
or clustered in ranges with broad vallies between, and as the summits of these hills are gene- 
rally bare and free from forest, the surrounding country can be viewed to great distances from 
them ; thus they were admirably adapted, not only for the stations of the principal triangiilatiori, but 
for enabling observations to be taken to fix the positions of pagodas, minarets and other perma- 
nent objects of reference, in the subjacent plains and on the lower hills, for the use of topogra- 
phical surveyors. Wherever the ground permitted the formation of triangles with long sides — e, g, 
tweiity miles and upwards — the angular measurements were invariably made either with the great 
theodolite or with an 18-inoh repeating theodolite, the second best instrument with which Colonel 
Lambton had been supplied ; these were considered as the principal triangles, and they are 
shown on the Index Chart facing the title page of this volume. Smaller triangles, emanating 
from sides of the former as bases, were generally measured with inferior instruments, and are 
not shown in the Chart. The triangulation was verified and controlled by base-lines measured 
at distances of 90 to 250 miles, full details of which are given in chapter V of this Volume.* 

Wherever hills were numerous, the operations were carried on with great rapidity ; but 
in the plains of Tanjore, and generally in the low lands which trend inwards from the east 
coast, south of Pondicherry, they were greatly impeded ; and it was while the great theodolite 
was being hoisted to the summit of a pagoda in Tanjore that it met with the accident which has 
already been described. In these tracts there are considerable gaps in the principal and also 
in the secondary triangulation ; the surface of the country was very flat and destitute of 
commanding positions, it was also densely wooded, and these difficulties were found to be 
insurmountable. Thirty-five years afterwards the principal triangulation of this survey was 
being successfully carried — ^under the superintendence of Colonel Waugh — through afar more 
difficult country, the well known Terai, bordering the southern slopes of the Himalayas from 
the meridian of 79° eastwards to the Assam Valley, which is as flat as Tanjore and is moreover 
covered with dense and deadly forests and jungle. But then the means and appliances of the 
survey, and it's command of skilled labor, were far greater than they ever had been in Colonel 
Lambton's time. 


• Thti-wMe of the tnangulatioji belo'w the parallel of 36®, is shown in a chart on the scale of 8 miles « 1 inch, — in 8 sections — 
entitled, “ JPlan of Me Trigonometncal Operaiions earned tn in Me Peninsula of India, from Me peevr 1802 to 1814 inoheke, midw 
Me euperintendence of lAeui.,' Colonel W, LamltonP Pulishod by J, Horshurgh, 1827. 
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9 . 

Objections raised to the system of operations ; proposals for an astronomical instead of a 

geodetic basis for the Survey of India. 

Shortly after the coniineiicement of his labors, Colonel Lambton was called on to 
** demonstrate the utility of his work. It was assorted that surveys on an astronomical basis 
“ would be equally accurate, and more economical than geodetical operations. The futility of 
these views was ably exposed by the Colonel, and being supported by the Astronomer Royal 
of the day, the Reverend K. Maskelyne, all open opposition was withdrawn, and Major 
“ Rennell, who was the chief advocate of the astronomical basis, afterward concurred in the 
“trigonometrical system. As this view of the subject has been confirmed by the practical 
“ testimony of every nation in Europe, and the importance of trigonometrical operations is now 
“ universally admitted, by all practical scientific men, as the only trustworthy basis for exten- 
“ sive national surveys, it is unnecessary to discuss the first principles any further in this place, 

“ and they are only adverted to in illustration of the formidable prejudices the trigonometrical 
“ survey in India has all along had to contend with. Colonel Lambton’s operations detected 
“ an error of no less a quantity than 40 miles in the breadth of the Peninsula, as previously 
“ laid down astronomically in the way Major Rennell proposed. All the principal places 
“ on the old maps, which had been fixed astronomically, were found considerably out of posi- 
“tion. For example, Arcot was out lo miles, and Hyderabad no less than ii' in latitude 
“and3ii' in longitude. In fact for the survey of an enormous empire, the trigonometrical 
“ system is not only the most rigorous, but the cheapest in the end,’^ 

10. 

Geogra'phical Operations. 

About three years after the commencement of his operations. Colonel Larabton was called 
on by the Government of Madras to furnish all possible information regarding “ the appearance 
“ and resources of the country, it’s roads, it’s supply of water, and whether favorable for military 
“movements; also to represent it’s general features, such as rivers, vallies, passes, mountains, 
“ the state of fortified places &c ; and in short to notice every circumstance that may afford useful 
“ information in time of war.” Eventually four officers, who had been trained in the Madras 
Military Institution, were appointed to assist Colonel Lambton in these operations ; they were em- 
ployed in delineating the principal geographical features of the country, on the basis of the 
triangulation, in such a manner as to indicate every thing thatfwas considered to be of impor- 
tance for military operations. The runs of the mountain ranges, the courses of the principal 
rivers, and the lines of the great military roads, were laid down in a general manner, by determin- 
ing the positions of the principal points and places on them, and more particularly the positions 


* Very little information on the subject of these proposals is to be found in the records of the Departmont, and the above details 
are taken from a JS,eport on the JProffress and jEofense of the Great Trigonometrioal Surneg of India which was prepared by Colonel A, 
Scott Waugh— theii Surveyor Oeneml and Superintendent of the Great Ivigonometrical Surrey— for the information of the Houses of 
Parliament, and waB printed on the 16th April 1851, by order of the House of Commons. 
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wliicli were or miglit be Iialtiiig places for troops. In fact, whenever the triangulation entered 
a district of which no regular survey had been or was being made, and political reasons, or the 
physical difficulties of the country, rendered it improbable that such a survey would soon be 
made, Colonel Lambton and his few assistants were required to make a generalized preliminary 
survey, and report on the condition and capabilities of the country; also to furnish sketches of 
forts, and supply all other information which would be useful for military purposes. Thus 
by the year 1814 he was able to furnish the Government with a series of Maps exhibiting all 
the most prominent geographical features of the Peninsula, as far north as Goa on the west and 
Musulipatam on the east coast. 

These operations were frequently suspended for a while ; the assistants were removed, 
and Colonel Lambton was on ono occasion instructed to restrict his operations to the principle 
triangulation only, and to stop all secondary triangulation and all measures for acquiring 
geographical details. Some alarm appears to have been felt of evils which might result from 
nuiltiplying copies of maps or other materials connected with the survey of the country ; in 
1810 Colonel Lambton was directed to transfer all the geographical and topographical materials 
in his office to the Quarter Master General ; he was even prohibited from retaining any copies of 
tliose documents, but he was graciously informed that the Governor in Council did not require him 
to render any account of the materials whicli he had collected at his private expense, during the 
progress of the general survey. Eventually however these objections were overruled, and 
Colonel Lambton was requested to combine his materials with those of other surveys into a 
series of geographical maps. 

Tlie operations were also frequently interrupted by the disturbed political condition of 
the country; in some of the Native States, though the Rulers were anxious to render all neces- 
sary aBsi>stance to the surveyors, there was no sufficient authority to prevent opposition, which 
was mairifeBted sornotimeB actively by hindering the surveyors from erecting stations on the 
most commanding points in tlie country, sometimes passively by refusing to allow them to 
ptirchaso food and endeavouring to starve them away. The Travancore war brought matters 
for a wliile to a stand-still, and Colonel Lambton took a share in the military operations ; he 
served at the capture of the Arumbulli lines, the fortifications which protect the neck of the pro- 
montory on the extremity of which Cape Comorin is situated. 

11 . 

The Biwvey transferred from the control of the Madras Government to that of the 

Government of India, 

The success which had attended Colonel Lambton's early labors had naturally induced * 
the Hoii’ble Court of Directors of the East India Company to desire that the Survey should 
be gradually expanded, so as to embrace the whole south of India, and then be advanced pro- 
gressively to the north. Thus by the year 1817 the Great Arc had been carried northwards 
as far as the Bader base, in latitude i 8 ° 3 ', while the general triangulation had reached the 
parallel of 16 ° ; the operations had passed beyond the limits of the Madras Presidency and 
entered into Provinces which were politically connected with the Bengal Presidency, and the 
British Authorities in which were under the sole orders of the Governor General in Council 
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—the Supreme Government of India. These circumstances appeared to the Marquis of Has- 
tings, who was then Governor Genera], to indicate that the time had arrived when expediency 
required that the Trigonometrical Survey should be taken under the direct and immediate 
control of the Supreme Government, and this measure was carried out on the 1st January 
1818*^. The Governor General moreover directed “ that the Survey be denominated the Great 
Trigonometrical Survey of India, and Lieutenant-Colonel Lainbton the Superintendent thereof ; 
“ that a duly qualified officer be appointed Chief Assistant to the Superintendent ; and that a 
“ person skilled in natural science, and capable of affording medical and surgical aid to the 
“ survey establishment, be permanently attached to it as Geologist and Surgeon.’’ 

As regards the appointment of a Chief Assistant, the Governor General observed that 

the intense mental and bodily labour of conducting the Trigonometrical Siiryey has been performed heretofore by 
Colonel Lambton alone, and the rank and the advancing age of that ijealoua and distinguiahed person nbw demand, 
“ some relief from such severe fatigue. But independently of the consideration so eminently due to the individual, the 
“ Goveimor General is decidedly of opinion that the 'strongest reasons of public expediency exist for associating an assis- 
taut in this great employment. The niathemetioal cp,ialiiioations for conducting such labours are of a very high order, 
** and possessed by few in India ; they require to have been kept up by habitual exeroise ; and moreover the extreme 
accuracy indispensable in trigonometrical calculations on the scale of Colonel Lambtoii’s undertaking, demands a 
dexterity in the use of the instruments, and a sorupulous degree of attention in what may be termed the pi’actioal part 
“ of the labor, which can scarcely be conceived by persons unaccustomed to it, and which is to be learnt only by a 
rigorous apprenticeship. The regretted time must one day arrive when Lieutenant Colonel Lambtoifs task is to de- 
volve on a successor. It would not bo wise to trust to chance for producing one fully equal to the duty at the 
moment when he is wanted ; neither is it right that this important Survey should thus hang on the life of a single im ^ 
dividual. Lieutenant Colonel Lambton himself has urged this point tn the Governor General and has pressed on his ' 
Lordship the propriety of giving him an associate. The Governor General tlierefore has selected for this Office, Cap- 
*'tain Everest, of the Artillery, of whoso oiniuent degree of science as a mathematician he is assured, and whose taleiita' 
are known to the Vice-President in Council, both by his surveys in Java, under the Quarter Master General’s Depart- 
“ ment, and by his successful exertions as an Engineer, in recently clearing the navigation of the Matabanga and other' 
rivers.” • ■ ; 


In May 1818 Dr. Voysey was appointed to be Surgeon and Geologist to the survey. 

Hitherto Colonel Lambton had been carrying on the principal triangulation and the 
geodetic operations almost single handedf, for the officers of the Military Institution, who had 
served under his orders for some years,’ had been solely employed in secondary triangulatio'n 
and in the geographical operations. His normal establishment consisted of a sufficient number 
of the natives of the country to carry the instruments about, and a few chain-men and signal- 
lers ; also three European or Bast Indian subordinates, who were originally employed as com- 
puters in carrying on the several calculations of the tri angulation, but eventually were trained, 
to render assistance in the field also. All the principal operations hitherto, whether in th© 
field or in recess quarters, whether in the actual observations and measurements, or in the 


* The instructions were conveyed in a letter No. Ill, dated 25kh October 1817 from tho Governor General to the Madras Govern- 
ment, from which tho above extracts are taken, 

. f “In his eai’ly operations Colonel Lambton was assisted by Lieutenant Warren of his Majesty’s SSrd, and Captain Kator, of his 
“ Majesty’s 12th Foot. Tho first named officer belonged to the ancient noblesse of France, to which country he returned after the peace. 
“ His stay with Colonel Lambton was of short duration, as ho was, at a very early period of the work, appointed to tho ohargp of the 
“Madras observatory. Captain Eater’s health having failed, obliged him to quit the department; This officer afterwards acquired an 
“ European reputation as a scientific man, having beoorao a memher of almost every academy in Europe, been employed on evory busmesa 
“of national research, appointed a member of the Board of Longhude, and finally elected Vico-Fresidont of the Royal Society. Tims it 
“ appears that, during the greater portion of his career, Colonel Lambton worked nearly single handed in the extensive and arduous opera-: 
“ tions which he carried on, amidst the formidable trials and obstacles that the baneful nature of the climate and the want of resources in 
“the country everywhere presented,” jBsctracted from Colonel WangVs Jl?arliamentartf Mepori on the J^rogreu md "Eirpense of the 
Great Trigonometrkfitl Stivveg of India/. 
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calculations connected therewith, had been performed by Colonel Lambton and his three subor- 
dinates. Thus simultaneously with the transfer of the survey to the direct control of the 
Supreme Government, the strength of the establishment was materially increased, and the Mar- 
quis of Hastings, so deservedly celebrated for his happy selections of able men for public 
business, made a fortunate choice in his selection of Captain Everest as Colonel Lambton’s 
chief assistani 


12 . 

Continuation of the narrative to the death of Colonel Lamlion in 1 823 ; the operations mhacing 

the country between the parallels of and 19 ^ and the meridians of 77 ° and 80 ^. 

When the survey had been carried to the north of the parallel of 16 °, and had reached 
the basins of the Kistna and the Godavery Rivers, it’s further progress was much impeded, and 
for seyeral years the advance was very slow in comparison with the rapid strides which had 
been made in the southern portion of the Peninsula. The scene of the operations was now the 
country of the Deccan, the Dominions of a Native Prince — the Nizam ot Hydrabad — whoso 
authority was at all times very feebly exerted over his subjects ; many of the petty Chieftans 
•were in open rebellion against the native government, and all were more or less suspicious of 
the operations of the surveyors, viewing the planting of flags and signals with much jealousy 
and apprehension, as mere preliminaries to taking possession of the country. 

Thus it was a matter of some delicacy on the part of the British Resident at the Nizam’s 
Court to support the surveyors, and on that of Colonel Lambton of some hazard to venture into 
these regions, which did not settle down into repose until the Marquis of Hastings had destroy- 
ed the Pindara confederacies in 1818; and even after that event the survey parties had to be 
strongly guarded, and it was frequently necessary to send soldiers of the Nizam’s army with 
the native subordinates as well as with the European officers, for their protection. 

But the chief causes of delay arose from the physical difficulties and the comparatively 
meagre resources of the country, and from the deadly nature of the climate at the season qf 
the year when — ^for the reasons already explained at page XIX— it was considered necessary 
to carry on the principal triangulation. 

The face of the country was covered with extensive forests which had spread over the 
sides and the. summits of the hills, so that several days and sometimes weeks had to be spent 
in clearing the hill tops and preparing them for stations of observation ; the commanding posi- 
tions which were most favorable for the operations were frequently situated at great distances 
from the nearest inhabited localities; and, worse than all, the heavy rains which cleared the 
atmosphere sufficiently to permit of observations being taken to distant signals, were invariably 
followed by a deadly season of some months duration, caused by the influence of a powerful 
sun on a moist soil and rank vegetation teeming with the germs of malaria. 

Captain Everest joined Colonel Lambton late in the year 1818, and was deputed in 
June of the following year, at the commencement of the rainy season, to extend the general 
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tnangulation eastwards, from the sides of the Great Arc near Hyderabad to the meridian of 8o^, 
He has given vivid descriptions of his operations in the Introduction to the Arc-Book of 1830, 
and in his reports to Government. One of his first duties was to quell a mutiny of the de- 
tachment of Nizam’s troops which formed his escort ; be had to carry the operations through 
a country which he describes as a “ dreadful wilderness,” a region than which “ no part of the 
narth was more dreary, desolate and fatal” ; he had to improvise means for crossing numerous 
streams which had been swollen to rivers by the heavy rains ; at some of the hill stations 
nearly a square mile of forest had to be cleared away before observations could be commenced ; 
and when all these difficulties were successfully surmounted and he was hoping to complete 
the observations in course of a few days — and thus, in Colonel Lambton’s words, have per- 
formed a very magnificent work indeed to start with”— he and his assistants and the entire 
native establishment were struck down by a malignant fever, many perished miserably by the 
road side, and the survivors had to be carried into Hydrabad, whence the whole of the public 
elephants, litters and vehicles of all descriptions had been despatched to their succour, on the 
receipt of the first intelligence of the calamity. 

Captain Everest’s constitution suffered so much that he was obliged to go to the Cape of 
Good Hope for a year, to seek the advantages of a change of climate. There he employed 
himself in investigating La Oaille’s meridional arc, which had presented an unaccountable ano- 
maly when compared with similar measurements executed on the opposite side of the equator, 
giving rise to the hypothesis that the opposite hemispheres of the globe were of different 
forms. Captain Everest showed* that the discordance most probably arose from the disturbing 
influence occasioned by the attraction of the mountains in the neighborhood of the two termi- 
nal stations of the arc ; and twenty years afterwards his views were fully corroborated by Sir 
Thomas Maclear’s operations for the verification and extension of this arc. 

Doctor Voysey, who had joined the survey a few months before Captain Everest, shared 
all the perils and privations of that officer’s first campaign as a surveyor, but fortunately with 
less harm to himself. He remained with Colonel Larnbton, and was of great assistance to him,, 
aiding in the measurement of the Takal Khera base-line, in the year 1822, and completing the 
surrounding principal triangulation, while his chief was engaged in observing zenith distances. 
Colonel Larnbton earnestly recommended that Doctor Voysey should be formally appointed to 
the Survey as his assistant, but the Governor General “ doubting the expediency of combining 
in one individual the functions of Surgeon, Geologist and Surveyor” withheld his consent from 
the measure. 

After the year 1819 Colonel Larnbton ceased to take an active part in the triangulation, 
which, was then chiefly carried on by his principal sub-assistant Mr. J. De Penning ; and the^ 
operations at Takal Khera, in the year 1822, were the last in which he took any personal 
share. He was proceeding from Hydrabad to Nagpore, to make arrangements for extending 
the operations of the Great Arc northwards, across the Mahadeo and the Vindhya ranges and 
into the plains of Central India, when, on the 20th January 1823, he died at Hingunghat, a 
now well known commercial town which is situated about 50 miles to the south of the city 
of Nagpore, 


Sec Oraiit’a History' of Physical Astronomy, page 147. 
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Colonel Lambion was 47 years old when lie commenced the operations which have now 
been reviewed ; he had thus already reached an age when, in India, men are mostly thought old, 
or at least are considered to have passed the prime of life, and are within eight years of the 
age at which the servants of Government are liable to be superannuated; but he was still 
in the prime of his life, and the full vigor of an unusually robust and energetic manhood. Until 
within a few years of his death, at the age of 70, he seems to have scarcely known what it was 
to have had a day’s ill-health, though he never spared himself, nor shrank from accepting his 
full share of the privations to which all the members of the survey were exposed, and which 
even Captain Everest thought reckless and almost unjustifiable; he accepted these as a matter 
of course, and seems to have thought little, and said less, about them, rarely alluding to them 
excepting when he was endeavouring to obtain promotion for his subordinates who had shared 
them with him. His life was an entire devotion of self to the interests of the public service 
and the advancement of science, without a thought of ever ceasing from his labors while life 
lasted ; and, as ho had ever looked forward to dying, so he died, at his post. 

By far the greater portion of the operations hitherto had been performed by Colonel 
Uambton with his own. hands, and it is much to bo marvelled at that he should have succeeded 
in doing all that he did, with the limited means at his disposal. He had however contemplated 
extending his rekarches to other subjects thari those to which his energies were so unsparingly 
devoted ; bo had formed a project for the investigation of the laws of terrestrial refraction, and 
was making arrangements for the determination, by pendulum observations, of the relative force 
of gravity at the several stations of the Great Arc, and at' ‘‘ corresponding stations in the same 
latitudes on the soa coast.” But it was only permitted to him to complote a part of the pro- 
gramme of achievement which ho had set before himself ; the rest he was compelled to bequeath 
to his successors. The investigations into the laws of terrestrial refraction were made a few 
years after his death by Colonel Everest and Captain Waugh, The project for investigations 
of the force of gravity was set aside for several years and eventually forgotten; but in 1864, 
General Sabine, then President of the Royal Society, recommended that pendulum observations 
should be taken at the stations of the Indian Arc, in conjimotion with the operations of the sur- 
vey, and the measure having been approved of by the Government, has been subsequently 
carried on by Captain Basevi, and is now all but completed; the principle, which was origi- 
nally enunciated by Colonel Larnbton, of comparing inland with coast stations, has been 
strictly followed; and the results promise to throw much light on the laws of the local varia- 
tions of gravity which are superposed on the normal variation from the poles to the equator. 

These are not the pages of a biography, nor is this the place to enter into further 
details of the career of the first chief of the Trigonometrical Survey of India; but even here 
it may be added — in the words of his pupil Captain Everest — that Colonel Larnbton was ever 
the kindest of masters, and used his authority with so gentle a hand as hardly to leave a con- 
BciousnesB of it’s existence,’”^* 


^ The wliole _ of Uie triangulation executed in the period reviewed in this Sebtion 1 is shown in two I^lms of fhe THmgvlaiiot^ 
i¥k ihe Dominiomt earietmng from Kwmool to the Q-odmery^ and lymg to the eastward, of Nirnml attd KmnooV\ published hr 

JamoB Horshurghi in 1827. ■■ ^ 
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13 . 

The Operations during the period 1823-30, 

Captain Everest returned from the Cape of Good Hope in 1822, and was employed in 
carrying a series of principal triangles from the Great Arc westwards towards Bombay, when 
the news reached him of Colonel Lambton’s death. Shortly afterwards, on being appointed 
by the Government of India to succeed Colonel Lambton, he postponed all further operations 
in the direction of Bombay, and proceeded to extend the Great Arc northwards, in ful(ilment 
of his late chiefs intentions. 

Hitherto these operations had not advanced beyond the neighborhood of Bllichpoor, in 
the valley of Berar, between which and the plains of Central India on the north, three nearly 
parallel chains of mountains are situated, trending in an east-and-westerly direction ; the two 
southern chains are known indifferently as the Sautpoora or the Mahadeo Ranges, the northern 
is the Vindhya Range, and they form the basins of the Taptee and the Nurbudda Rivers, 
which flow between them, on, either side of the central range, from east to west. 

Considerable difficulties having been anticipated in carrying the operations across this 
region. Dr. Voysey had been deputed in the previous year to march through it and explore the 
country northwards as far as Agra, with the expectation that it' inight be found necessary to 
make a considerable detour to the east in order to avoid the direct passage of the mountain 
ranges ; but he reported that though the mountains were wild and desolate, and covered with 
forests which would be deadly in the rainy season, he had seen no difficulties at all equal to those 
which the survey had already encountered and successfully surmounted between the Godaverv 
and Ellichpoor. 

In two years Captain Everest carried the Great Arc over the mountains and into the 
plains of Central India, advancing as far north as the town of Sironj, in the parallel of 
i- Every effort having been made to guard against a repetition of the catastrophy which 
had previously arrested the operations, and great assistance being rendered by the Political 
Officers who represented the British Government at the Courts of the Native States, what had 
once been conceived to form an impenetrable barrier was surmounted with a rapidity which 
surpassed the most sanguine expectations, and without any loss of life. 

But Captain Everest experienced a return of the typhus fever which he had originally 
contracted in the forest-clad basin of the Godavery River, and which now attacked him with 
still greater virulence ; he was in a great measure deprived of the use of his limbs, and was 
liable to convulsive paroxysms, attended with agonizing pain ; yet, with a courage and endu- 
rance worthy of his late chief, he persisted in the undertaking, though constantly warned that 
he must fall a sacrifice ; during the whole of his observations with the zenith sector, he had to 
be lifted into and out of the observer’s chair ; at the great theodolite his arm had to be supported 
when extended to reach a tangent screw, and on some occasions his state of weakness and 
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exhaustion was such that without being held up he could not have stood to the instrument * 
Nevertheless he persevered, and succeeded. He carried the operations northwards until the 
entire length of the Arc, including the several southern sections which had been measured by 
Colonel Lambton, exceeded that of the longest European Arc. He then suspended all further 
operations, and at the end of the year 1825 he proceeded to Europe; there he brought up the 
calculations of the operations in which he had been engaged, and published a description of 
them in the work entitled “ An Account of tJic McusuTcncnt of an Arc of the Mcridiun between the 
parallels of 1 8° 3' and 2,4° London 1830, to which reference has been frequently made in 
these pages. 

Mention has already been made of Doctor Voysey’s services to Colonel Lambton, in 
the actual operations of the survey, and to Captain Everest, in the exploration of the country 
between Ellichpoor and Agra with a view to ascertaining it’s suitability for future operations. 
While thus employed Doctor Voysey was also collecting materials for a report on the Geology 
of India, and, during the period of five years, 1819-23, of his association with the Trigono- 
metrical Survey, he completed “two principal barometrical and geological sections, one extend- 
“ ing from Bombay to the north of the Godavory and one from Agra to Madras ; in addition 
“ he had completed several minor sections of 3, 4 and 300 miles each, and a geological section 
“ of the country between Calcutta and Agra.” He had been under tents or marching the whole 
of that time, with the exception of a period of a few months, and had travelled by land upwards 
of eight thousand miles ; ho was constantly on duty notwithstanding that ho had been twice 
subjected to fever . contracted in the jungles on the banks of the Godavery. lie died in 1824, 
on his way to Calcutta, unfortunately before the value of his indefatigable services and as- 
siduous devotion to his duties had been recognized by the Supreme Government. 

Colonel Everest did not return to India until the year 1830. During his absence the 
geodetic operations were suspended, and the situation of Superintendent was held open until 
his return. The subordinates wore employed, under the principal Sub-Assistant Mr. Joseph 
Olliver, in carrying a tiiangulation from the terminal stations of the Groat Arc near Sironj, 
eastwards, to Calcutta, a distance of 671 miles; “notwithstanding the frequent ravages of 
jungle fever, which has all along been the most baneful enemy of the trigonometrical survey, 
as well as one of the chief retarding causes,”t this operation was accomplished in about six 
years, at the rate of 1 1 2, miles per annum, with branching series of secondary triangles. 






Concluding observations. 

The operations of the three fcst decades of the Trigonometrical Survey of India, which 
have now been reviewed, form a group by themselves, and have little in common with the 
subsequent operations. They were executed at a time when the science of geodesy wa^ in it’s 


^ See ilio Ar© Boolt of 1B30, pogoB 35 and 37. Oolonel ETcreat SQoma to Jiave Buffered Jwpoh from a wwifc of in a Idter, datod 
Ootobw 1825, lie inveigliB against, “ indecent, conduet^* of one of his assistanta, who had brought neighmg horses into his camp, 
notwitlrstanding had been poBsed Mths n 0 oe 88 it.y of which iraa obYiom to;the,iiaoi9t cojinmon undmiatttilfhttgi W-no doism 

yreva to be made by man or heasi which might bo Ijlcely to disturb his rest ” 

. ^ .Gtlanel 'tlie Uxivm of Uommona, para. '-SS* ' ■ ■ i ■ 
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infancy, when the several instruments which are necessary for the linear and the angular 
measurements of a survey were still far from their present state of— practically—almost absolute 
perfection, and when the methods of reduction and analysis were still rude and imperfect. 

Thus the geodetic measurements have shared the fate of all similar operations which were 
contemporaneously executed in Europe and other parts of the globe, in that they have been or 
are being superseded by revisionary operations with modern instruments of superior accuracy 
and value ; they have answered the purposes for which they were immediately required, and 
have furnished data for a fairly approximate determination of the figure of the earth. 

But for geographical purposes, for providing points on which to base topographical, 
cadastral or fiscal surveys, the whole of the operations are still most valuable, and they must 
continue to be so as long as the trigonometrical stations and the points laid down from them 
remain in existence, Little is now required for their completion in this respect beyond the 
extension of the modern triangulation southwards, from Madras to the points at which a 
suitable junction may be made with the triangulation of the Island of Ceylon, which has not 
yet been connected with.that of India. When this operation and the revision of the southern 
sections of the Great Arc have been completed, the results of the old tiiangulation may be 
reproduced on the basis of the modern, which should leave nothing to be desired to satisfy 
the most fastidious requirements of topographical surveyors. But such a measure cannot 
be carried out until the triangulation which is now in progress shall have been completed. 
Thus the final reduction and publication of the results of the early operations will probably 
form the last stage of the work of the Trigonometrical Survey ; the operations subsequent to 
the year 1830 must first be finally reduced, and afterwards those of the preceding years. 

The only parts of the early operations which might have been employed in the first 
stage of the final reductions are the linear measurements; but it will be found, from the critical 
examination of the base-lines of that period, which forms Chapter V of the present volume, 
that these linear operations are worthless for the purpose of controlling any portion of the prin- 
cipal triangulation of this survey, and that they would certainly introduce larger errors than 
are liable to be generated in the course of the modern angular measurements. 
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CHAPTEE I. 


DeBcripiion of the Standards, 

Several standardsj of various dimensions and different metnls, have been used in the 
course of the operations of the Trigonometrical Survey; these will now be described in the 
order in which they were obtained. 


1 . 

Carfs three feet kass soak. 

This scale is STS feet in length, T51 inches in breadth and T4 inch in depth ; it was laid 
off by Cary from tlie scale of Alexander Aubert Esq., and is referred to by Captain Kater in 
the Pliilosopliical Transactions for 1S2L It was received in India in May 1^02, and from 
that time until the year 1825 it was employed in defining the lengths of the steel chains by 
Ramsden which were used by Colonels Lambton and Everest in the measurements of various 
base-lines. The processes followed on these occasions have been described by Colonel Everest 
at pages 51 and 52 of his first account of the measurement of an arc in India (London 1830). 
This scale does not appear to have ever been directly compared witli any of the standards 
which were subsequently constructed for the Indian Survey; an indirect comparison might 
however be obtained if necessary, for the steel cliains by Ramsden were compared with 
standard A by Colonel Everest in 1832, see pages Cl to GUI of his Arc Book of 1847, The 
scale however has long ceased to serve the purpose for wliicli it was originally employed., It 
was used at the 8 base lines' wliich were measured between the years 1830 and 1864, with the 
Colby apparatus of compensating bars and microscopes, but simply for the purpose of measur- 
ing the distance— never exceeding 5 feet— between the end of a last set of bars, and a section 
station or the closing extremity of a base line, and also for determining the values of the runs 
of the micrometers for comparing the lengths of the compensated bars with standard A, 

These runs were invariably determined from inch 7 to 8 of the scale, which was as- 
sumed to be exactly equal to tlie part of the Standard ; it has recently been found to differ 
from that quantity, but— -as will be subsequently shown— by so small an amount as to have no 
appreciable effect on the reductions. 
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THE STANDARDS OF MEASURE. 


2 . 

The \Q-feet iron standard bars A and B, and the Q-ineh brass scales A and B. 

These were constructed in England under Colonel Everest’s Superintendence, and were 
brought out to I rdia about the year 1832. 

The 10-feet standards are of wrought iron, 122 inches in length, -9 in breadth and 2 in depth. 
Each bar is supported on two rollers, at one fourth and three fourths of its length, secured to 
the bottom of the wooden box by which tlie bar is encased ; the ends of the bar are cut away 
to half its depth, so that tlie dots, marking on platinum pins the measure of 10 feet, are in the 
ncuti til axis oi the bai. On the upper surface, 30’5 inches from the middle of the bar towards 
either extremity, are two wells for thermometers. 

The brass scales are 10'25 inches long, 2 in breadth and -5 inch in depth, the standard 
measure being defined by dots engraved on silver pins let into the brass at G inches apart. Each 
IS fitted with a theimoiucter resting flat on the scale and Iiaving a round bulb for which there 
is a slight indentation on the surface of the scale. Each is also provided with a 'micrometer, 
for m^easiiring the diiroronce between tlie G-inch space on the scale, and the distance between 
the visual axes of the compensated microscopes. 

The iron standard B was compared with the Ordnance Survey 10-feet standard Oo in London 
in 1831, by Lieutenant Murphy R.E., fAcenunt of Lough Boyle Base Afjn. V). It was twice com- 
pared with the iron standard A at Debra Boon in India, in November 1834, and Eebruary 1835, 
by Colonel Everest. The 6-ineh brass scales A and B were also compared by Colonel Everest 
in India in June 183o. A and A Iiavc remained in India ever since, and been employed, the 
foiniei at all, the latter at all but the two last, of the ten base lines which have been measured with 
the Colby apparatus of compensated bars and microscopes, between the years 1832 and 1869. B 
and B were sent to England in 1843-4, and were conveyed by Colonel Everest to Southampton, 
and made over to tho olliee of the Ordnance Survey. In 1846, B was compared with the 1 0-feet 
Ordnance Standard O,, and B with the Ordnance 6-inch scale. B was subsequently t,aken to 
Russia, where it was compared by M. Struve with several continental standards. In 1865 it 
was. compared in the Ordnance Office at Southampton, by Captain Clarke, with the new 10-feet 
Indian Standards which will now be described. 


3 . 

The steel standard the lO-feet Irom standard l_ 5 , and the standard steel foot, IF. 

Questions had been raised as to the possible variation in length of the 10-feet standard 
A ; and eertainly it was not inconceivable that the length might have varied in the course of 
the many journeys which this bar had been made to perform, each of several hundred miles 
in length, by land and sea, from the Head Quarters of the Survey to the eight base-lines 
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to which it was conveyed between the years 1832 and 1863, viz. those at Calcutta, Dehra Boon, 
Sironj, Beder, Sonakhoda, Attok, Karachi, and Vizagapatam, 

To remove all doubts on this subject, two new standards, of 10 feet in length, were con- 
structed for this Survey by Messrs. Troughton and Simms, in 1864 ; one, known as 1^, of cast 
steel, hammered ; the other, known as Ijj, of bronze, or more correctly Baxly’s metal, an alloy 
formed in the proportions copper 16, tin 2i, zinc 1. 

These bars are similar in section and dimensions. The section is in the form of a girder 
with equal flanges above and below ; breadth of flanges 1*57 inches, breadth between flanges 
*74 inch, depth between flanges T55 inches, total depth 2*55 inches ; total length 122*9 indies. 
Each is divided, on its upper surface, into six spaces, by seven gold pins about a tenth of an 
inch in diameter, drilled, one at the centre of the bar and three on each side of the centre, at 
one foot, two feet, and five feet from the centre ; this arrangement affords two spaces of a yard 
each, on the right and left, and four contiguous spaces of one foot each in the centre. The 
small circular surfaces around the gold pins are slightly depressed below the general surface of 
the bar. The divisions are indicated by lines drawn on the gold pins perpendicularly to the 
length of the bar. 

In the upper surface of each bar there are three contiguous pairs of thermometer wells, 
one pair in the centre of the right yard, another in that of the left yard, the third in the centre 
of the bar ; each of these pairs of wells is intended to receive two thermometers, — with the 
bulbs close together and scales lying outwards — one ranging from 45*" to 65", the other from 
65"' to 85°, and having degrees of about *40 inch long, divided into tenths ; with this arrange- 
ment the temperature of the bars between 45° and 85° is indicated by three thermometers, 
which can be read to the thousandth part of a degree, with the aid of a microscope having a 
sliding system of converging lines in the eye piece. There are also two more thermometer 
wells, at one-fourth and three-fourths of the bar’s length, intended for thermometers ranging 
from 30° to 105°, the degrees being subdivided into halves only ; this arrangement is adapted 
for the measurement of occasional extreme temperatures. 

Each of the bars rests upon eight rollers which are framed in two systems of levers, 
care being taken in the construction that the levers balance accurately on their axles, and that 
the rollers revolve freely. By this system of levers the pressure upwards of each roller upon 
the bar is the same, and the bar is tlms supported by eight equal pressures applied at equal 
intervals. The distance apart of the rollers is 15*5 inches, as given by Mr. Airy's formula 


a 

1 

where a is the length of the bar and n the number of rollers. (See Memoirs of th Eoyal Astro^ 
nomical Society Vol XF!) 

Of the eight rollers supporting the bar, one is a true cylinder, the others are slightly 
convex or barrel shaped, by which means a proper bearing is secured. 
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CHAPTER 11. 


The Thermal Expansiom of the Standards, 



An accurate knowledge of the variation in the length of a standard bar, corresponding 
to a given change in the temperature of the bar, is essentially necessary for a correct determina- 
tion of the comparative lengths, at a given normal temperature, — as 62 ° Fahrenheit- — ^of standards 
which have been actually coiripared at temperatures differing by more than a very few degrees 
from the normal temperature ; it is also necessary for the reduction of the lengths of base-lines 
which are measured with metal bars of various temperatures, to the lengths at the normal 
temperature. 


But the determination of the absolute thermal expansion of a metal bar is a problem of 
very great delicacy and difficulty, as will be readily seen on comparing the discrepancies which 
are so frequeTitly met with when the expansion of the same bar has been determined on several 
occasions. Such discrepancies have given rise to the hypothesis that the expansion is not 
constant, but is liable in course of time to vary. Thus the expansion of the 10-feet Ordnance 
Standard 0 ] has been determined no less than six times, with the following results, for a variation 
of temperature equal to 1° Fahrenheit. (See Frincipal Triangulation of the Ordnanoe Sarvey^ 
London pages 2 m and 


Year. 

Co-efficient of expansion. 

Expansion in millionths of a yard. 

182,7 

‘0000065 a 

21*74 

1844 

•000006.13 

20-33 

1844 

*00000607 

20*23 

1845 

'ooooo6ao 

20*65 

1846 

•00000592 

1974 

1849 

•00000637 

21*23 


With reference to the last of these determinations Captain Clarke observes that ‘*it seems that 
the expansion of the standard Oj, must have increased since 1846 , and is again approaching its 
former value, namely *000006 j.’' 

It remains to be seen bow far such differences between numerical values as are here 
exhibited are due to actual changes of expansibility, in course of time, and how far to errors in 
the determination of the expansion. As regards the possibility of changes, sufficient informa- 
tion does not appear to be at present forthcoming to enable any valid conclusions to be formed ; 
it is therefore only practicable at present to investigate the influence of errors in the observations. 



( 6 ) 


THE STANDAllBS OP MEASURE. 

The examination of any group of good observations of the expansion of metal bars will 
at once show that whatever errors exist, of a nature to exercise a sensible influence on the 
results, must be constant errors^ clue to defects in the apparatus, or the modus operandi, or possibly 
to both causes, for the theoretical probable errors of the results are almost invariably far smaller 
than the differences between tlie results of independent groups of observations. 

Two methods appear to have been most commonly followed hitherto, in investigations 
of this nature. 

In one of these methods the bar has been placed under a pair of microscopes, and it’s 
length (relatively to the distance between the microscopes) been determined by observations at a 
natural temperature ; it lias then been heated by steam to a temperature approaching 212'’, and 
it s length again determined. But tlie violence to wliicli the bar is subjected has brought this 
method into disfavor, as it apjiears liable to alter the normal lengtli of the bar, temporarily, if 
not pennanently,'^' Moreover tliere is much reason to doubt wbetlier the fiictors of expansion 
thus derived for such liigh teinperatures are strictly applicable to measures at lower temperatures. 

The otlier method is to remove the bar from the comparing room into a chamber artifi- 
cially heated to a temperature of about 1()(F — which is slightly greater than the maximum occur- 
ring in practical operations — and allowing it to remain tliere until it has acquired a steady tem- 
perature ; then bringing it back into tlie comparing room, carefully enveloped in blankets, and 
adjusting it quickly under tlie inicroseopes. .In Russia a converBe rnetliod lias been followed, 
and the bars have b-'cii cooled down in sbeds pervaded by the extreme cold of the winter, and 
then brought into a warm conqiaring room. 

Frequently the microscopies liavo been assumed to liold an invariable position tlirougliout 
the comparisons — an assumption whicli is very questionable — ^l)ut occasionally tlie experiinents 
have been conducted so as to be independent of tlie stability of tlie microscopes, by comparing 
the bar under treatment with another bar of whicli the temperature remains nearly constant, 
the expansion being known with sufficient accuracy to indicate the variations in lengtli for sliglit 
changes in temperature. 

It is mariifost that the accuracy of the results of all such experimental observations must 
depend very materially on the accuracy with which tlie temperai-iires of tlie bars are indicated by 
the tliorinometers. But wlientbe temperatures of the bars are clianging, the temperatures of the 
thermometers, whose bulbs arc fixed in the wells of tlie bars and are protected from ext(3ri:iMl in- 
fluences, necessarily % behind tliose of the bars, and consequently the indications of the ther- 
mometers must be to some extent erroneoiis. 

. In order to guard against errors of this nature, Captain Clarke-— before determining the 
expansions of the new Steel and Bronze Standards described in the preceding chapter^ — devised 


UoTE.— Cartiiin Clarko lluifi “if aTj:i;r of Ii'o:,! bo lieated fiiiin (12® to 31.2°, it is bo extended 150 x 6 = 900 milliontlig of 

its loap;tli ; and if the inoditliLs of eliisticif y be, say, 30,000,000 and tlie Beciion (wo squiiro inelies, the force required to prciditce the above 
extension is 60 x 900 s=; 54,000 or 2:l.< tons. Ah ii sl.aiidard of length can sekloju bo used at a temperature exceeding 90®, it eooms 
itnnecessary that it should be heated in expuiiHioii experiments above 100® at the outside.” 
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an apparatus for artificially raising the temperature of a bar to any desirable point, and retain- 
ing the temperature at that point as long as might be wished. The apparatus is minutely des- 
cribed in Chapter XVI of his Comparisons of Standards, and several illustrative plates are attaelied 
in explanation. In this place therefore it is only necessary to state that the bar rests on a 
carriage between two copper boxes of slightly greater length than the bar, and 5 inches in heiglit 
by 3 in breadth; these boxes serve as tanks for holding the water by which the bar is heated. 
By means of supply and discharge pipes, an unintermittent flow of water, brought from a re- 
servoir in which its temperature is maintained at any desired point, is passed through the tanks, 
and the variations of temperature in the tanks are very slow and very small and in their iniluenco 
on the bar generally insensible. 

Captain Clarke observes that 

“ eyen witli the existence of small sensible oscillations about a mean temporatiire, there is this advantage above 
“the method of observing a bar steadily cooling, that sometimes we observe the bar in the state of expanding, and srnrie- 
“ times in the state of contracting, the one as often as the otliei^, and thus a constant error is avoided.” 


Captain Clarke has investigated the influence of an unsustained temparature on a bar under 
comparison. After closing his observations of the expansions of the Steel Bar, he cat ofF the sup- 
ply of warm water, which was than at a temperature of 63°, the temperature of the room being 43 '’ : 
six comparisons were made at various intervals within the following thirty hours, at the end of 
which the temperature of the bar had fallen to about 51°; it was then again heated to above 65 ° and 
allowed to cool, and, when cooling, two more comparisons were made. The resTilting values < d' 
the expansion are very satisfactorily accordant inter se, but they are smaller than tln)ne previous- 
ly deduced with temperatures, in the proportion of 20*740 to 21’194; this indicates 

that the temperature of the thermometers was on an average about 0*3° Fahrenlioit greatei' than 
that of the bar, and was consequently lagging behind the bar, though the latter wan cooling 
at the slow rate of only about 0*4° in an hour. 

Similar results were obtained by Captain Clarice in experiments on the Ordirviice iron 
Standard 0 while cooling. Moreover, on determining the expansions of thin bar and the 
sister bar 0 1 ^, with his heat sustaining apparatus, he obtained larger values tlian had been 
obtained from previous determinations which had been made under falling temperatures. The 
resulting expansions, expressed in millionths of a yard, for T of Fahrenheit, were respectively 
as follows, (See Comparisons of Standards Chap. VI and X VIL) 


With a falling temperature, expansion «)/ Oli = ai •055 ± '089 

With a sustained temperature, expansion q/" Olj = i *010 

With a falling temperature, expansion 0 / 0 13 = a 1*400 dh ’050 

With a sustained temperature, expansion 0/ OI3 = 2 ^ 1*591 ± *01 1 

In the case of 0 1^ the difference is material, the magnitude thereof being about six times the 
amount of the probable error of the first determination, and fifty times that of the second, thus 
illustrating the imperative necessity of guarding against the presence of constant errors in 
investigations of this nature. 
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Certain comparisons which were made at Dehra Boon in May 1869, to determine the 
difference between tlie expansions of the iron standard bar A, and the steel standard 1 ^, tell the 
same tale. The observations were made in a base line tent, in order to secure the greatest 
range obtainable from the natural variations of daily temperature. They were taken early 
in tire morning and late in the afternoon—at the hours of maximum and minimum temper- 
atures— commencing a little before and ending a little after the highest and lowest points had 
been reached, in order that the momentary variations of temperature might be a minimum and 
that the errors arising therefrom might be practically cancelled. The comparisons furnish — > 
inter alia — two gi'oups of observations, each containing seven determinations of the value of 
1 ^ — A, one group under a decidedly rising, tlie otlier under a decidedly falling temperature ; the 
mean- temperatures of the two groups difler by less than B"", so that no possible error in the 
adopted value of expansion of cither bar can affect the reduction of the observations of one 
group to the temperature of the other. The results are as follows, 


Under a falling temperatiiro l^j — A = 7 ^ 
Under a rising temperature Ij, --- A == 57 


*0 1 
•4J 


millionth of a yard at 89° *48*^ 


The difference far exceeds any possible errors of observation, and clearly arises from the 
circumstance that the variation of temperature of the iron bar A was much more rapid than 
that of the steel bar 1 ^ ; the mass of tlio steel bar is about half as much again as that of the 
iron, and its diurnal range of temperature was only two-thirds of that of the iron ; in neither 
bar could the tliermomcters liave exactly indicated the temperature of the bar, but the lagging 
of the thermometers in the iron bai% which expanded most rapidly, must have been greater 
than the lagging of the thermometers in the steel bar ; probably by about 0:3®, for the error of 
either determination as .compared with the mean, is 7 * 3 , and the expansion for 1 ° about ai ; the 
mean of the two values is almost identical with the mean which is derived from the whole of 
the comparisons— about sixty in number— and with the value which has been independently 
deduced from .other observations. 


Prom a consideration of the preceding facts it must be clear that determinations of the 
thermal expansion of metal bars are only to be relied on when taken with the utmost care to 
exclude constant errors, anxl consequently that apparent variations of expansibility, in course 
of time, may in reality have been caused by errors in the respective deteimnations of the 
expansion by different methods and different observers. 


* The milHoiith. part of tho yard has hcon adopted by Captain Clarlro, in his Oomparisona of Standards of Length, as a unit of reference 
for email quantitias.- It is a conToiuontr unit, hoing Tint'unibored with, tho largo number of decimal places whieh are requirocl when the inch 
is adopted as the unj.t. It will he frcqnontly used in tliis volume, and always whenovoi' the results of tho operations pf this survey We to he 
comhhaed with the results of Captain Clarke’s comparisons, and his investigations of the expansions, of the standards. 
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The &pansion of the lO-feet Standard A* 


The factor of expansion of this bar was first determined in 1832, in Calcutta, by Mx. 
James Prinsep and Captain Wilcox. The observations are given in detail in No. XV of the 
Asiatic Journal {March 1833) in an article by Mr. Prinsep ; and Colonel Everest has given a 
synopsis of the results which he has deduced from them, at page XOVII of his Arc Book 
of 1847. 

The method of operation was briefly as follows ; the bar was placed inside a dotiblo case 
formed of two concentric tin tubes, soldered togetlier at the extremities, but separated by a 
space into which steam might be admitted. The bar was then brought under two microscopeB 
which were fixed on isolated piers of stone. The microscopes were first read when the 
bar was at the natural temperature of the compai’ing room, whicli appears to have ranged 
from 71° to 79*^. Then the stop cock of a pipe which communicated with the boiler of a small 
steam engine was turned, and a stream of steam, entering at one end, was made to pass longi- 
tudinally along the whole space betwoeii the tin tubes, and discliargo itself at the opposito end. 
When the steam had been applied for a sufficient period, and both tlionnometers and micromotors 
continued to agree in. indicating no change, the readings of both wore again noted, and tlio 
communication with the boiler being cut off by turning the stop cock, the whole was allowed 
to cool down to the ordinary temperature of the room, in which. state the readings wore made 
for a third time.” 


The factor of expansion thus deduced was * 000 , 006,801 for 1 ° Fahrenheit, and the corres- 
ponding linear expansion is 22*67 millionth of a yard, 

Fp to the present time this value has been employed for the reduction of all measures 
of the standard at various temperatures, to the normal length at the temperature of 62°. 

But an analysis of the numerous comparisons which have been made at each base-lino, 
between this standard, and the compensated bars used in measuring the lengths of ihe base- 
lines, has shown that the discrepancies between the several comparisons on each occasion 
would be materially reduced were a smaller value of the expansion of the standard to be em- 
ployed. Such comparisons in themselves afford a means of determining the expansion of the 
standard, with very tolerable accuracy, and they have been used for this purpose by Captain 
Clarke, in determining the expansion of the Ordnance Standard Q^, for the reduction of the 
measurement of the base-line on Salisbury Plain. {Principal Tnanyulaiion of the Ordnanee 
Survey, page 220.) 
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The following values of the expansion of the standard bar A have been thus obtained 
for eight out of the ten base-lines, no such investigations having been made for the bases at 
Beder and Gape Comorin : — 


Base-Line, 

Tear of mea- 
surement. 

Mean temperature of 
standard during 
comparisons. 

Expansion in millionths of 
a yard for 1“ Fahrenheit. 

f 

Calcutta, 

183a 

0 

67 

ao’92 

~k *21 

Delira Boon, 

1835 

66 

21*13 

i "06 

Seronj, 

00 

Oo 

00 

63 

20*46 

± ‘09 

Sonakhoda, 

CO 

00 

J—i 

64 

21*21 

• 4 * ‘09 

Attok, 

1854 

, 53 

20*92 

i ’09 

KaracM, 


68 

20*8o 

+ ‘ii 

Vizagapatam, 

1863 

73 

21*39“ 

1 

Bangalore, 

1868 

71 

22*01 

m 

>"P, c, not computed. 

J 

1 


These expansions are all considerably in defect of the value obtained by direct observ- 
ation at Calcutta ; it is noticeable that one of the largest differences occurs at the Calcutta 
base-line, which was measured in the year in which the direct determination was made ; the 
difference therefore is clearly due rather to the observations themselves, than to an actual 
change in the expansion. - 

Colonel Everest observes that his foctor agrees very closely with the one given in 
Mr. lire’s tables, of ’000,006,779, derivable from an increment between 32 ® and 212°. On the 
other hand it considerably exceeds the factors determined for the wrought iron standards of 
the Ordnance Survey, from temperatures not exceeding 100°, by the two processes already 
described.; the excess is least when the comparison is made with observations at sustained 
temperatures, but even then it is considerable, being more than 5 fer cent of the total amount. 
As compared with the expansions of the wrought iron standards of the Kussian Arc, Colonel 
Everest’s factor is 7 per cent greater, (see Btmvds Arc du Meridien, pages 49 to 51 ). Thus a 
re-determination of the expansion of this standard was evidently called for. 
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3 . 


Ee’-determination of the JE expansion of Standard A» 

The expansion of the steel standard 1^ having been very acenrately determined by 
Captain Clarke, under temperatures which were carefully sustained, at points not rising above 
100°, by means of the apparatus wliich has been already described, (see also Comparisoiis of Stand-- 
ardSn Ghaptcr JKVI) an attempt v/as made at Dehra Doon, in May 1869, to deduce the difference 
between the expansions of and of A, by means of comparisons at the highest and lowest 
natural daily temperatures. The comparisons were made in a base-line tent, the microscopes 
being set up on isolated masonry pillars. The range of temperature was about 20 °, the mean 
temperature being 89°. Adopting for 1^ the value of 21 ^ 159 , as determined by Captain Clarke, 
the result was 

m.y 

Expansion of for 1 ° Fahrenheit (2,1*760, 

These are the experiments which have been already described at page 8 , and it has been 
shown that they indicate large differences between the observed measures of A when 
taken under rising temperatures, as compared with those which were obtained when the temper- 
atures were falling. For this reason the results could not be considered conclusive, and it was 
decided to make a new determination, with the aid of a heat sustaining apparatus, similar to 
that devised by Captain Clarke. 

In order io secure as low natural temperatures as possible, the final experiments were car- 
ried on in the winter, on the hill station of Masuri, in a room attached to the summer offices of 
the Trigonometrical Survey. They were conducted by Mr. Hennessey, who also supervised the 
entire details of the construction of the apparatus, and the measures for retaining the comparing 
room at a temperature as nearly constant as possible, Mr. Hennessey’s account of his proce- 
dure will be given at length in the Appendix ; in this place it is only necessary to give a brief 
sketch of the operations and to epitomize the results. 


The steel standard was again employed on this occasion. The observations were 
divided into 4 groups, each containing 30 comparisons of with A. 

In group No. 1 , both bars were heated. 

In group No, 2 , both bars were cold, i, e, at the natural temperature of the comparing 
room, which was aboat 52°. 

In group No. 3, 1^ was hot and A was cold. 

In group No. 4, 1 ^ was cold and A was hot. 

The hot temperatures were altered at pleasure from 88 ° to 98°, and so thoroughly were 
they controlled that the bars never varied in temperature by more than 0°1 during the whole of 
the observations on any day, and the average range of temperature in the same time was not 
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raore than 0*03 ; whenever the temperature was raised or lowered, a long interval was always 
allowed to elapse before resuming observations, and the changes of temperature were invariably 
made very gently and slowly. 

Combining groups 1 and 2, a value of the difference between the expansions of l^,^and A 
is obtained. Combining groups 2, 3, and 4, absolute values of the expansions of both bars 
are obtained/^* 

Employing the symbol Eio denote tbe expansion of a bar, m milUonih of a yard, for 
an increase of temperature of 1° Fahrenheit, and the symbol F to denote tlio corrcBponding 
factor of expansion, the following symbols will indicate these quantities for each of the 10«-foot 
standards of the Indian Survey. 

the expansion, E^ the factor, of the wrought iron standard A 

’5 M *5, B 

’V ” ^tecl standard I ^ 

-®jEf ' bronze standard I 

Combining groups 1 and 2, by the method of least squares, 

W.7/ 

K- “•557 

combining groups 2, 3, and 4, 

! K - 21747 ± -0078 

— 21-337 ± -0077 

— Eg ■= o'4io 

combining all four groups, 

= 21-797 ± -0079 

Eg = 21-290 ± -0080 


• 'f 7“ by CapfaiE ClaAo, (Sae Cm- 

ST'lfaa r ■ ™ taken in Pebmary and 

March 1865, tbe second in April and May of the same year. ^ 




* 'Though group 2 is thus employea in hofh combin&tions, the rosulta are BTaottoill* t . . 

of thu group ate MBgnifieant m compaiisioa with these of either of the othor^ou^”^’^ “oopondoal, for the errora of the ohierratioiu 
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The first series consists of 50 comparisons, at temperatures ranging from 39*^ to 99° ; 
the second of 27 comparisons at temperatures ranging from 56 to 96 j the results are as 

follows, — 


m.y 


by the first series 

Mjj 

= 32'957 ± ‘013 


j? 

= 2i'i94 ± -014 

by the second sei'ies 


= 32^759 ± ‘019 


= ± '019 


Captain Clarke accepts the results of the second series only, apparently for the reason 
that in the first series the hats were suspended from above, while in the latter they rested on roll- 
ers— “ under circumstances more similar to those in which they will be actually used”— and 
because in the first series there were irregularities in the distance, about ^ of an inch, of the 
hot water tanks from the bar, at different parts of it’s length, whereas in the second, the tanks 
were somewhat improved as to. straightness, and were placed at a greater distance from the bar 
than before, namely about 1 inch. 

The discrepancies between the results of the preceding investigations are much smaller 
than those which are frequently met with in similar investigations, and are thus a satisfactory 
proof the advantages which are secured by the employment of a heat sustaining apparatus. 
Still however they are materially larger than the probable errors would lead one to expect, the 
difference between the lowest and highest values ot the expansion of the steel standard amount- 
ing to nearly 1 per cent, of the total expansion. Clearly the differences between the results by 
the same observer cannot be due to any change in the expansibility of the bars in the intervals 
of only a few weeks duration between the successive series of observations. The difference be- 
tween Captain Clarke’s value of the expansion of the steel standard and that obtained by Mr. 
Hennessey, may he due to a change in the expansibility of the bar in the intervening period of 
4| years ; hut it is most probably due to constant and inconstant errors in the temperatures in- 
dicated by the thermometers during the investigations, such as may arise either from the intrinsic 
errors of the thermometers or-from actual differences between the temperatures of the bars and 
those of the thermometers ; in both investigations however the thermometers were carefully 
tested in ice and compared with very accurately calibrated standards, and the operations for 
sustaining the temperatures must have materially tended to equalize the thermal conditions of 
the bars and the thermometers, but for which circumstances larger discrepancies might have 

been met with. • , _ 

The differences between the results obtained by the same observer, must evidently be 
assumed to be due to the intrinsic errors of the operations, and it may also be assumed that 
the differences between Mr. Hennessey’s results and Captain Clarke’s are due to this cause and 
not to any appreciable physical influence. These assumptions are equivalent to admitting that 
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the most elaborate and exact observations for determining the expansion of a metal bar which it 
appears possible to make are liable to errors not materially less than 1 per cent, of the amount 
of the expansion. 

Adopting mean results, the value of the expansion of A must be that obtained by com- 
bining the whole of Mr. Hennessey’s observations, whence 

K — 21-797, = -000,006,539 

For 1^, I adopt the mean of the result from all Mr. Hennessey’s observations and the 
result’ from Captain Clarke’s second series of observations, as he himself rejects his first series ; 
thus 


JSg = 21 ’235, Fg = '000,006,368 

For Ijj, I have simply to follow Captain Clarke, and accept the value of expansion which 
he has accepted, or 

= 32-759> ^ j } = ‘000,009,827 


4 :* 

AdopUon of a rate of expansion varying with th temperature for the lO-feet standard A- 

The value of the expansion of A which has been finally arrived at in the last section 
has been determined from measurements of the increments of the bar between temperatures of 
about 52° and 96° ; on the other hand the value of the expansion of this bar which was ob- 
tained in Calcutta in 1832— ws. 22-669 'was determined from measurements of the increments 
between temperatures of 76° and 212°. Thus the difference between the two results— which 
is as much as 0-872 m.y, or precisely 4 per cmt. of the whole expansion — is not necessarily 
due to errors in the first determination ; and the results obtained from the comparisons of the 
standard with the compensated bars at the several base-lines — which have been given in the 
table in the preceding section of this Chapter— indicate that there is a considerable probability 
that it cannot be duo to absolute changes in the expansibility of the bar. 

1 shall assume therefore that it is mainly due to the circumstance that the average incre- 
ment of the bar, for a change of 1° of temperature, is greater at the high temperatures which 
were employed in 1832, than at the^ comparatively low temperatures which were employed 
in 1870. That the co-efficients of dilatation increase with the temperature, when the tempera- 
ture is between the boiling point of water and the melting points of metals, has been suffici- 
ently shown by the investigations of Dulong and Petit. That the increase is appreciable 
between the temperatures of the freezing and boiling points of water, does not appear as yet to 
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have been generally established. But investigations of the factors of expansion of the wrought 
iron standards which were employed in the verification of La Caille’s Arc of the Meridian at 
the Cape of Good Hope, have lead the Astronomer Royal to the conclusion that, between 40 ® 
and 140 ®, “ the expansion increases rapidly with the rising temperatures” ; the reductions of the 
measures of the standards, to the normal temperature of 62 °, during the operations at the Cape, 
were consequently made with factors varying with the temperature. (See Sir Thomm Maclear'^ 
Verification and Extension of La Cailles Are^ pages 350 , 351 ). 


The law of the expansion of standard A has been empirically determined in the following 
manner. Putting for the length of the bar at r, the lowest temperature of the observations, 


and for the length at t, any other temperature, it is assumed that 

— — + . (i) 

I ^ 

then and t being constant, the expansion for 1° at any temperature t will be 

6 ? (Xf 2 * • • ■ • • • • 


The lowest temperature of observations being 52 ®, and the other temperatures being 
76 ®, 96 ®, and 212 ®, we have the following equations 

^70 == 4s + + {Hfy 

^ DG ~ ^3 + 44 + (44)'^ y 

hn = 4)3 + + {i 6 of y 

The observed increment during the experiments in 1832 was =; (212 — . y6) X 22'669 ; 

during the experiments in 1870 it was = (96 — 52) x 2,1797 

^ 00 - 43 = 44 ^ + (44)^ = 44 X 21797 
and /3J2. — = 136 .T 4 * (160^ — H ^) y = 13^ X 22*669 

Thus X A- 44 y = 21*797 
X 4- 184,^ = 22*669 

whence x = 21*523 

y =; *00623 


It is necessary to find the mean expansion for 1 ® between the normal temperature 62 ®, 
and any temperature t The entire increment of the bar, between the temperatures t ^ a 
and j{ = J, is 



— (J — • JiT 4* 4* 2 t) y\ 
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Thus, r being = 52 °, the mean expansion for 1 ° between 62 ° and any temperature t is 

7 — 62 — ® + (^ ~ y 

or = 21*523 (t — 42 °) X '00623 

The corresponding numerical values for certain given temperatures will be found in the last 
section of this chapter. 


5 . 

The Expansion of the 10 -feet Standard B. 

No direct experiments have ever been made for determining the expansion of this bar. 
Colonel Everest assumed it to be equal to that of standard A; both bars were constructed at the 
same time, and, as was supposed, of the same metal, and they are similar to each other in 
every respect. 

Colonel Everest compared A with B in 1834 and again in 1835 ; the observations having 
been taken over a large range of temperature — 18 ° in the first instance, and 30 '* in the second — 
can be treated so as to furnish values of the difference of the expansions of the standards as well 
as of the difference of length. This has been done, and the method which was followed will 
bo found described in detail in the iVppendix, in the section on the comparisons of the lengths 
and of the expansions of standards A and B. The results will be shown this place. 

Adopting the symbols at page 12, and putting 


and = e — 

W.7/ 

where e = aa’ddg, Colonel Everest's value of the expansion of A, and de denotes the error of 
that value, the following values of y have been obtained by the method of least squares ; 

from the first group of observations, = — o*575 + *^^^8 de 
from the second group „ . 0*109 — *015 

from both groups „ . 0*145 

Assuming de to be equal to + o'Sya, the amount by which Colonel Everest's value of 
the expansion exceeds Mr, Hennessey's, we get from the mean of both groups 

= - 0*153 

whence JS^ = 21*644 

The value of ^ being so small, it is clear that Colonel Everest's assumption that the 
expansion of B is the same as that of A, is sufficiently exact for the reduction of observations at 
temperatures not differing very materially from 62 ®. 



( 17 ) 

THE THBUMAL EXPANSIONS OP THE STANDAEBS. 


6 . 

The Expandons of the ^-ineh Itubb scales A and J?, and of the steel foot IF. 

No determinations of the expansions of these small bars have been made* 

The co-efScient of expansion of the brass scales has been nniforraly assnmed to be 
•000,010,417, which is probably too large, having been deduced from experiments over a great 
range of temperature a more probable value is, '000,009,855 ; (see Aecomt of the Lough Foyle 
Base, Appendix, Page 12.) 


Tbe expansion of the steel foot has been assumed to be the same as that of the 10 -feet 
steel standard |^. 

7. 

On the possible increments of expansion of the steel and bronze Standards 1 ^ Wnd \^, 

for an ordinary increase of temperature. 


The expansions of these bars have been twice determined by Captain Clarke, and that 
of 1^ has been re-determined by Mr. Hennessey, with the results which have already been 
stated in section 4 of this Chapter. In both instances the observations were restricted to tem- 
peratures not exceeding 100°, and thus they do not furnish sufficient data for determining the 
variation of expansion with temperature. Captain Clarke however, having noticed that there 
was an inclination to a predominance of 4- errors at the lower temperatures and — errors at 
the higher temperatures, in his observations, has given tables of the result of each comparison, 
and the temperature at which it was made. From these tables the following one has been 
prepared, by grouping together the expansions at the highest and lowest temperatures. 


Bar. 

Number of 

Temperatures. 

i' ■ 

Expansion. 

Series of 

measures. 

Eange, 

Means. 

experiments^ 

Steel, ...| 

4 

5 

42, to 88 

42, to 97 

0 

65 • 
69’5 

' 

m.y 

ari^o 

ai‘a20 

1 First. 

Do., ...| 

4 

4 

56 to 75 

56 to 96 

65-5 

76 

21*103 

21*177 

jSeconl 

Bronze, ... | 

5 

6 

44 to 74 

44 to 98 

59 

71 

32*747 

33 'o ^3 

1 First. 

Do., ...| 

4 

4 

57 to 76 

57 to 96 

66-s 

76-5 

32*607 

32*827 

> Second. 








/ 
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'Riere is an apparent increase of expansion with the temperature in the four comparisons 
between the observations of each group ; it is greatest for the bronze bar, but is sufficiently 
my, iked for iho steel, and indicates the probability that the expansions of both bars increase 
With the temperature, by appreciable amounts, even at temperatures between 60° and 80°. 


8 . 

RceapiMation of the adopted Mpansions, 

I .have asBioned that the expansion of the 10-feet Standard A has not varied (hmm^ the 
interval, between .1832, wlion it was determined at high temperatures, and 1870, when it was 
a-t ordiiiaiy temperatures ; also that the values obtained on the two occasions indi- 
cai'C"* '""W itl i tiii pi, act. 1 . cable acouiiicy'"*-"’th 0 expansions at the respective temperatures of the 
iiliscrvsitions, and that the dilteionco between the results is due to an increase of expansibility 
ibr tin increase of temperature, 

I, luive shown that there is much reason to believe that the expansions of the steel and 
bronze standards, 1^ and | g, increase with the temperature ; but that whereas there are sufficient 
iiatn lor indicating, with fair probability, the precise amount of the expansion of A at various 
teiriperatnres, no such data are forthcoming for and 1^, or B, the bars with which A has 
been compared for the ^determination of it’s relations to the European Standards of length. In 
re<lncing the comparative lengths of these bars, at the temperatures of observation, to the 
coi'i*espondIng lengilis at the normal temperature, it would be manifestly incorrect to recognize 
IJie exp axis ion of A? andtoignoie that of the other bax’S. Eor supposing A to bo compared 
wltli h, and that at a temperature t, which is practically identical for both bars, 




m, 


iimi, putting e,, and for tbo expansions of the bars, it follows that at the temperature of 62'^ 

1^ A ^ ^ 62'’) 

ilni;:; reduction depends on the difmnoe of the expansions and is scarcely aflected by the 
smidl dianges in tlim difference which may occur within the ordinary ranges of temperature! 
(in iao olh,or hand, iii reducing the comparative lengths of the standard A and the compcuscikd 
bars^^wluch liave been employed in the measurement of the base-lines, and which do not vary 
Eiatciially with, the tempm'ature but are nearly of a constant length~-it is necessary to employ 
the value of tlie expansion of A which corresponds to the temperature of the observations. 
Hence therefore one value of expansions will be employed in the final reductions of the coni- 
parisoBs of standards, and other values in the final reductions of the base-lines ; as are shown 
in the following tables. 
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Estfansiom, for Fahrenhii, used in reductions of comparisons of standards. 


Bar. 

Expansion in millionths 
of a yard. 

Co-efficient of oipjiBsioir. 

10-feet Stand A, (wrought iron) 

( 21*797 

‘000,006,539 

>, B ( „ ) 

21*644 

"000,006,493 

„ 1,5 (steel) 

21'225 

"000,006,367 

„ 1 ^ (bronze) 

3^759 ^ 

’000,009,828 

Standard Foot IF (steel) 

2*122 

*000,006,367 

6-inch Standards A&, B (brass) 

1736 

I 

*000,0.10,417 


Expansions^ for 1°* Fahrenheit^ of Standard A? at mrious temperatures^ for redmtwm of 

comparisons with compensated tars. 


Temperatures. 

Expansion. 

Co-ofliciorit.,' 

c 

m.j/ 

21*523 

■000,006,457 

5 ^ 

^1-585 

•000,006,476 

62 

,21*648 

*000,006,494 

72 ' 

21*710 

*000,006,513 

82 

21*772 

*000,006,532 

92r 

^1-835 

*000,006,551 


This table has been computed with the formula: at the eud of tlio 4 th sectioJi of iliiij 


n 


It should be here repeated that the propriety of employing the value of the expa^iaio 
of A which was determined at Calcutta in 1832 has only recently been questioned ; that 'rsdiic.' 
had been already used in all the reductions of the comparisons, both with the other SljEmd j.ril 
Bars and with the Compensated Bars. Differential expressions have therefore been addedl, 
the several reductions to show the extent to which the comparisons of length betv/eQ;i]i tie 
standard bars will be affected by changes in the adopted values of the expansions of either of 
the bars. 


For the base-lines, the mean temperatures of Aj during the comparisons witli the eoiiu, 
pensated bars, will be shown, and corrections for the difference between the adopted volrio of 
the expansion, and that given in the second table, foj 
applied to the lengths of the base-lines. 
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CHAPTER III. 


Gompamom of the Standards. 


The injkmee of Personal B^mtions. 

The extremities of the old 10-feet and the 6-inch standards are defined by dots onplatimira 
or silver pins, which are drilled into the bars. 

The extremities, and the several sub-divisions, of the new 10-feet steel and bronze bars, 
and of the steel foot, are defined by lines which are drawn — perpendicularly to the length of 
the bar — on gold pins, drilled into the bars. 

The dote on the old standards vary from 50 to 100 millionths of a yard in diameter, or 
from about 40 to 80 divisions of the micrometers which have been generally used for the com- 
parisons. 

A perfectly symmetrical dot of these dimensions may either be intersected by a 
single wire of the micrometer, or it may be brought between a pair of wires, with a probable 
error less than one micrometer division for a single reading, and materially less for the mean of 
a number of readings. But comparisons of standards by different observers frequently exhibit 
far larger discrepancies than can be explained by, the differences between the several measures 
made by any individual observer ; such differences are generally due to accidental errors of 
observation only, and the magnitudes of the corresponding probable errors will not vary mate- 
rially for different persons who, from long practise, are well skilled in the operations ; but the 
discrepancies between the results of the observations of several persons will usually be far 
larger than the probable errors of observation only, and they may be frequently traced to the 
personal equations of the observers. 

Wlien the dots are iinsyrnmetrical, the errors of observation are much increased ; large 
discrepancies may be expected whenever the intensity of the light by which the dots are illu- 
minated is varied, as when the light of a lamp is substituted for sunlight reflected from a helio- 
trope, A true dot is of the form of an inverted cone with its axis at right angles to the sur^{^co 
of the bar ; a jagged dot is irregular in outline and depth; thus while changes of illumination 
will not affect the appearance of the former or disturb the estimate of the position of the central 
point, they may considerably affect the appearance of the latter, and indicate new centres with, 
every change of illumination. Here then there will be a still greater tendency to differences 
between 'results obtained by different observers. 

The influence of the personal equation will now be investigated in two groups of 
comparisons of small lengths, not exceeding 6 inches, in which the micrometer microscopes at 
both extremities were read by the same person. Such observations are evidently better suited 
for the purposes *of the present investigation than the comparisons of the lO-feet bars, for 
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two observefs are always required for the latter, and the results are liable to be materially 
affected by errors in the apparent temperatures, and in the adopted values of the expansions. 


Comparisons of the 64nch Standard and the Q-inch scales used in the base line opera- 
tions^ with the central Q-inch space \d . Z] of the foot I F. 

The scales are respectively known by the letters if, iV, R, S, 1\ U, F, and W, and 
are similar in all respects to standard A. Each was compared four times with I F by five of 
the Officers of this Survey, with the following mean results by each observer, which are expressed 
in millionths of a yard, as reduced to the temperature of 62“, the temperatures of observation 
ranging from 66" to 70". 


Observer's 

initials. 

[ d . l ] --A 

1 

m - M 





[iJ] - U , 

- r 

[«?./] - w 

M. W-R. 

+ roa 

— 2*67 

— io‘o8 

— 6*59 

4 0*98 

4 1*90 

- 8-55 

+ 5’94 

+ 3‘38 

W. J. H. 

8*95 

4-69 

I 3'50 

7-64 

3' 84 

i 

3'ii 

9'74 

4*60 

3*11 

T. G-. M. 

4-91 

5'35 

1473 

7-17 

1*67 

3’i6 

7*97 

I ‘67 

— 0*90 

J. B. N. H. 

7-36 

3’93 

i 3'38 

' iQ'ga 

0*07 

- o‘i 3 

• ia*3o 

377 

4 1*54 

H. R. T. 

00 

i'i7 

9*30 

9-86 

2*40 

! 

'+ 3'37 

11*60 

5'89 

3*41 

Mean 

+ 5-55 

- 3‘54 

— 11*98 

- 8*44 

: + i '59 

4 !i’o6 

t 

— 10*03 

4 4*37 

4 1*91 

1 . , 


Computing the value of the probable error of the result obtained by a single observer from 
the squares of the differences between the individual results and the mean of each group, and 
calling this probable error e, we get 


« 


% 


di *67 




88 


45-9 


db I'iiS 


The value of e thus determined may be considered to be the entire probable error of the 
result obtained by a single observer, and to include both the personal errors, and the accidental 
errors of observation; so that if ;p be the probable personal error,* and 0 the probable error of 
observation, we may put 


the other errors being, from the circumstances of the observations, presumably constant for all 
the comparisons. The several observations by each observer are given in the appendix; the 
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differences between single comparisons and tlie mean of the group to which they appertain 
indicate that, in a single comparison, the probable error of observation only is = ± *8i, and 
as four comparisons were made by each observer 


Thus 


•8 1 

0 = ± '“7= = ± *40 
V 4 

^ (i*a8)^ — (‘40)^ = 1*48 

p ziz 1*23 




* 


Thus the entire error appears to be almost wholly due to the personal equations of the 
observers. 


* 

Comparisons of ^4nch and spaces on the standard steel foot, with corresponding spaces 
on Carfs brass scale. 

These comparisons were made in order to determine the relation to Standard A of inch 
7 to 8 of Cary’s brass scale, on which the runs of the micrometers had been taken, at every occa- 
sion of comparative measurements between the years 1832 and 1867. The space 7 to 13 of 
Cary’s scale was compared with the space a io g of the standard foot, atid 8 to 13 with 5 to g, 
whence the value of inch 7 to 8 of Cary’s scale is determined relatively to inch a to 5 of the 
standard foot, the relative value of which to standard A is known. 

Each space was compared five tixneB by six of the Officers of this Survey, with the 
following results, which are expressed in millionths of a yard, as reduced to the temperature 
of 62'’, the temperatures of observation ranging from 64'’ to 68°. 


* 

Observer’s initials. 

to ^ — 7 to 13 

J to ^ — 8 to 13 

, a to J — 7 to 8 

T. G. M. 

— 17 

— ao'j 

+ i8-8 

J. B. N. H. 

4*x 

i6’i 

12*0 

H. R. T. 

9*8 

ai*6 

11*8 

0. L 

43 

« 

i8‘a 

i 3'9 

H. K. 

i-5 

i 3‘9 

8’4 

T. T. 0. 

3-2 

1 

19*1 

i 3‘9 

Mean 

4*^ 

I 

00 

+ 13*4 


« 
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Computing the entire probable error, as above, from the squares of the differences be- 
tween. the results by each observer and the mean for the corresponding group of the dlTcct 
comparisons, we obtain 

6 = i 

From the details of the observations which are given in the appendix it can be shown that, in 
a single comparison, the probable error of observation only is = ± 72, and as five compari- 
sons were made by each observer 

72 

^ db — — i 

.w (,2 = (^1-88)® - (•33)2 = 3-43 

P = ±r 83 

Comparing p and e the entire error is again seen to be almost wholly due to the penonal 

equations of the observers. 

In the observations of the foot and the 6-mcli scales, the comparisons were made be- 
tween good lines and dots which — with a very few exceptions— were fairly symmetrical. In 
the observations of the foot and Cary’s scale, the comparisons were made between good lines 
on the former and coarse lines on the latter, for Cary’s scale was constructed some time before 
the year 1802 , when the art of dividing had not reached its present perfection, Thus p is 
much larger in the second case than in the first. 

For the probable personal errors of comparisons of small bars which can be made by a 
single observerj it may be assumed that, with fairly good lines or dots, 

m.y 

P Z=Z I’2r 

while for long bars, in which the comparisons must be made by two observers, the probable 
personal error will be 

m.y 

P = dh \/2 = i 17 

It is clear from these results that personal errors are liable to be of considerable magni- 
tude as compared with the ordinary accidental errors of observation, and consequently that 


’67 


4/ 78-9'^ 

12—2 


m.y 

± r88^ 


* The probable error of a. single determination of a to S - 7 to 8, deduced from the differoncos of the direct comparisons and tlioir 


mean, is 


« ± -67 .y/ ± 2-4 

which is, as it should be, somewhat loss than e 


42 
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when great accuracy is required, standards should he compared by as many skilled observers as 
possible it is further evident that the differences between comparisons of standards at differ- 
ent periods may be due to the personal equations of the observers, rather than to any actual 
change in the length of either standard, in the interval between the comparisons. 



Comparisons of the 10-/^^# Standards A and B, in 1834-35. 

♦ 

Comparisons were twice made at Dehra Boon under the superintendence of Colonel 
Everest, the first time in a house, the second time under tents, after the measurement of the 
Dehra Doon base-line. Pull details of the comparisons, and their reduction by the method of 
least squares, are given in the Appendix. The resulting values, at the temperature of 62°, 
are as follows : — 

In 1834 B — A 375 the mean temperature of observation being 66*4 
in 1835 B - A = - 0*42 „ „ 59-0 


Combining both groups of observations by the method of least squares, it follows that 
in 1834-35 B — A = 0*64 the mean temperature of the observations being 62*7 



Comparisons of the lO'-feet Standards B, 1^, 1^, and Ordnance Survey Oi* 

On reference to Chapters XX and XXII of Captain Clarke's Comparisons of Standards 
of Length, it will be seen that the Indian Standard B — therein called Ij ~ was compared in 
England with 0^ in 1831, with 0i in 1846, and with l^j, 1^ and 0i in 1865. • 


Taking into account the difference of 0i and 0^, the results given by Captain Clarke are 
as follows, as reduced to the normal temperature of 62° ; 


In 1831, 
in 1846, 
in 1865, 

5? 

55 


m.t/ 0 


B 

- 0i= - 

aa’a 5 , the mean temperature of observation being 

51-0 

B 

“• Oj “ “ 

H'03 » 


73-5 

\s 

_B = 

» 

5? 

61-3 

In 

_B = 

aiS-jS „ 


63-2 


_0i = 

„ 

35 

63-6 


~0i = 

i95’3<5 » 

35 

62-7 


and ficom the last four comparisons it follows that 


in 1865 B — 0i = — as'aa, the mean temperature of observation being 62°'7 



( 25 ) 


COMPARISONS OP Q’HE STANDARDS. 

The first four comparisons in 1885 have however been combined with comparisons of 
1^, and the Ordnance Standards Oi, 0 Ip and Y55, by Captain Clarke, who has thus obtained the 
following Final Results ; see Chapter XXIJ, 

1^ — B = 86-8 1- 

. I = 218*27 

1^^ — 0i = 64*21 

1;! - 0i = I95’67 

B Oi — — 22*60 


4 , 


Comparisons of the Vd-fect 


, 1^^. and in 1867—70. 


Tliese bars were compared at Debra Doon in 1867, shortly after the arrival o\ 
2iiid. Ig from, England. Full details of tlie comparisons will bo found intlie .Appendix; tlie o>- 
>sults, reduced to the temperature of G2"' with the latest and most probable values of tlie 
of ex|:>m:ision, are as follows ; 


nuf 


= 80*84, tbe mean temp<n*ature of observaiiori being 71*7 

— A 212*64 „ „ 71*1) 

I I " 1 4,1 0 6 5 , n 5 I ) 


Ai,lo|)iing Captain Clarke’s final value of Ijj ~ 1,,^ (= 131-46 ), we get. 


s 


Bn 8, through |^, 




combining with the direct value, as above, we get 




8roi, the mean temperature of observation being 71''*!) 


But the comparative length of 1^ and A was re-determined liy Mr. Hennessey, in 1870, 
in the course of his operations for investigating the factor of expansion of A ; the result, as 
reduced to the temperature of 62° with the latest and most probable values of the expansions, 

was, 

^ A = 84’03, the mean temperature of observation being 5r*8. 

The mean of the two series of comparisons in 1867 and 1870 gives 

A = 82*52, the mean temperature of observation. beJug 61 'V- . 
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5 . 

MxaminaUm of the compamtive length of the V)-feet Standards A and B, as deduced from 

the observations of 1834-35 and 1865-70. 

By the comparisons of 1834-35 

B — A = + 0*64 

Combining the value of — A = 82*52, for 1867-70, with Captain Clarke’s value of 
— B = 86‘8i, for 1865, we get, 

B - A = ~ 4-^9 

As the mean temperatures of the comparisons in both instances almost exactly coincide 
with the normal temperature of 62°, the results are unaffected by any errors in the adopted 
values of the expansions of the bars. Thus the difference between the two results might bo 
supposed to arise from a change in the relative lengths of the bars, during the intermediate 
interval of upwards of 30 years, when the bars remained, one in the warm climate of India, 
the other in northern Europe. Unfortunately however when the first comparisons wore made, 
as much care was not taken in determining the calibration and index errors of thermomotors as 
is done in modern observations ; the thermometers appear to have been compared with a stand- 
ard belonging to the Eoyal Society, but for index error only ; recent examinations have shown 
that the calibration errors are large, but corrections cannot now be applied, for the thormomotcu’s 
were divided, mot on their own stems, but on metal plates, and there is considerable play in tlie 
attachments. Hence there is an uncertainty of at least ± o!2 in the temperatures of either l)ar 
during the first comparisons, which of itself is siuBaeient to be the cause of the difference be- 
tween the two results. See Descriptions and Comparisons of Ihermometers^ in the Appendix. 

For these reasons I have decided to assume that the relative length of the lO-feot 
Standards A and B has not altered appreciably, and that the true difference in length is most 
probably indicated by the latest comparisons, whence 

A = B 4- 4*29 


6 . 

Final Eesults, The relations of the Indian li)-feet Standards to each other and to the Principal 

European Standards of Length. 

The comparisons lately made in India furnish additional equations of condition for tho 
relations between the Indian and the Ordnance Survey Standards, which might be combined 
with the equations resulting from Captain Clarke’s comparisons in England, so as to furnish a 
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simultaneous solution of the relations of all the Standards. This would however disturb the 
results already obtained by Captain Clarke, but so slightly that the differences would be far 
within the probable errors of the respective determinations. I have therefore adopted Captain 
Clarke’s results as final. 

Thus the lengths in terms of the Ordnance Standard yard Ygs are 

B* = (3‘333^3i5.9o) Ybs 
A = (3*333^3 1 9) ho 

On the following page a table of the relative length of the Standards will be found which 
is taken from page 280 of Captain Clarke’s Comparisons of Standards of Length, with the addition 
of the length of the Indian 10-feet Standard A, which is the unit of the operations of this 
Survey. The Yard, the Toise, and the Metre, the lengths of which are given in the three last 
lines of the table, may be here briefly defined, with the aid of the information given by Captain 
Clarke. 


The Yard is the mean length, in the year 1864, of five copies, No. 29, 55, 65, 66, & 67, 
of the National Standard Yard. Captain Clarke states, on the authority of the Official Account 
of the Construction of the new Natimial Standard of Length, and its Principal Copies, that if 3? re- 
presents the length of the yard in abstract idea, the mean length of the five yards was origin- 
ally, in 1853, 

m,y 

3? -f o'o8 

on re-comparing the bars in 1864, he assumed that the mean length had not altered, and thus 
determined the length of the Ordnance copy of the Standard Yard to be 

Yg5 = ® — 0-40 

The Toise is the Toise of Peru, at the temperature of 

13°'00 Meaumur = 16°‘25 Centigrade — 6r’25 Fahrenheit 

The original Toise was constructed in 1735 for the measurement of the Arc of Peru ; 
in 1823 it was compared with Bessel’s Toise, and in 1852 with the Prussian Toise No. 10, and 
with the Belgian Toise No. 11, which were compared by Captain Clarke with the English and 
other standards in 1864. 

The Metre is by definition 443*296 “ lignes” of the Toise of Peru, and it would appear 
“ that the platinum bars which were to represent the metre at the temperature of melting ice, 
“ (0°‘00 C = O'OO R = 32°’00 F) were laid off from the Toise of Peru at 13“' Reaumur, allow- 
“ ance being made for the contraction of the bars, according to the rate of expansion of plati- 
“ num, as ascertained by Borda.” 


* See Captain Clarke’s Gowfmmns of SianiarAs of page 270. 
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7 . 

Th rehtionB of the Foot IF, md it's sub-divisions, to the \()-feet Standard A. 

The lengths of this bar and it’s snb-divisions, relatively to the standard yard have 
been very carefully determined by Captain Clarke, See Comparisons of Standards, Chapter XIX 
The 13 inch lines are marked a, b, c, d, e,f, g, h, I, I, m, w, and p. The dejlmit© values of the 
entire length and of the different spaces are as follows : — 

j 

\ap'\ = - + a-pi ^ 0 'I 34 

Vst - '’4' ± ’oyis 

\a'c'\ = ^ Ygg + o'H dr '098 

[«-i] = ^ Ygg + 0-91 ± -083 

= 4 ± 

[a'f\ = Y55 + o-oi ± *108 

-°'^9 ± -095 

[‘'■O = M *65 - ± ''34 

The corresponding values in terms of the 10-feet Standard A will be as follows 


m.g 


tl 

_ 1 
■ 10 

A 

+ 

4’22 

[«-i] = 

1 

“ 120 

A 

— 

r3o 

[a-c] = 

2 

■ 120 

A 

+ 

0*36 

M = 

_ 3 
" 120 

A 

+ 

I'24 

[«■.] = 

4 

“ 120 

A 

+ 

0*33 

[«/] = 

5 

~ 120 

A 

+ 

0*56 

ki?] = 

6 

■"120 

A 


o’47 

[i-i] = 

6 

” 120 

A 


0-65 
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8 . 

Tk rekfions of the 6-mch brass scale A, and of the corresponding scales which are employed in the 
measufenients of the base-lines, to the \^-feet Standard A. 

I’he method by which it was orginally intended to determine the relation of the 6 -inch 
k) the 10-feet standards, appears to have been as follows. The two 6 -inch scales A and B and 
She two 10 -feet bars A and B were compared in India in 1834-35; and B were taken to 
England in 1843 by Colonel Everest, and were compared, the former with the Ordnance scale 
of 60 inches by Troughton and Simms, the latter with the Ordnance 10-feet bar 0^, with which 
the scale of 60 inches was also compared ; thus the relations of -4 to A might have been determined. 
The comparisons in England are given at page 100 of the Account of the Measurement of the 
Lough Fogle Base, but they are not satisfactory, and have never been used ; and until the year 
1S67 tlie short standard was assumed to be exactly equal to the twentieth part of the long 
standard. It was then compared with the central 6 -inch space of the new standard Foot 
IF, the relation of which to the 10 -feet standard A has been given in the preceding section 
of this chapter. 

■i' 

Eetbre indicating the resirlt of this comparison, it is necessary to state that the standard 
6 -inch scale was originally constructed for the purpose of determining the exact lengths of the 
compensated 6 -inch microscopes which are employed in the measurements of base lines with ' 
the Colby Apparatus. The inconvenience of having only one scale of reference for several 
microscopes was found to be so great, at the measurement of the first base-line, that Colonel 
Everest caused seven new scales to be constructed, which were precisely similar in all respects 
to the standard, and were carefully compared therewith, in 1835, see page 284 of Colonel Everest's 
Arc Book of lUI. 

In 1867 the microscope scales, as well as the standard, were compared with the central 
)-inch space of the foot 1 F, and it was found that the relations of the former to the standard 
lad altered very materially. This will be seen from the following table of the results on the 
;wo occasions, further details of which will be found in the Appendix. 



1835. 

1867. 

1835—1867. 

A - M 

N 

A~R 

1 A - S 

1 A - y 

I A - IT 

+ *57 

- ,io’o 8 

- a ’58 

2 i’o 8 

+ 2*71 

- 7*86 

m.y 

— . 9*09 

- i7’53. 

; - 13-99 

- 3-96 

- 3-49 

- i5'58 

m.y 

-j- ' 9*d6 

+ 7’45 
+ ”*41 

6*04 

4 - 6' 20 

+ 77^ 

Mean 

-j- 8*08 


i 
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On the other hand the following table shows, that the mutual relations of the microscope 
scales, as determined by comparing each scale with the mean of all, on the two occasions, had 
not altered materially, as the differences do not exceed what is possibly due to errors of obser- 
vation, and to personal equation. 



1835 

i 

1867 

1835—1867 

M — mean of scales, 
N - 

R — „ 

R - 
T - 

u ,, i 

i 

1 

m.y 

— 3*10 
+ 7'55 1 

-f- O'O^ i 
— 4 ‘ 6 i 

-5*24 

4- 5*33 1 

m.y 

- 1-52 
-p 6'92 

+ 3*38 

- 6-65 

- 7’12 

+ 4*97 1 

m.y 

~ 1*58 

+ 0-63 

- 3'33 
2*04 

4 - r 88 
-f 0*36 


The alteration in the length of tlie Standard scale is believed to be due to the displace- 
ment of the centre of one of the two terminal dots which is known to have been inadvertently 
i)urnished, instead of being dusted only, when the scale was employed in certain comparisons 
in 1862. 


Assuming the mean length of the microscope scales to have been the same on botli 
occasions, but the Standard to have been 8 "i m.y longeron the first than on the second occasion 
the relations to A will be as follows : 

.4 = 4* + 3% “1835 

^ ^ A — 4'9, in 1867 

Having the microscope scales, we are able . to dispense with the standard 6 -ineh scale 
in the reduction of the microscope lengths to the unit of the 10 -feet standard A, at all the 
base-lines, with the exception of tlie one at Calcutta, which was measured before the microscope 
scales were constructed. ' ■ 

In the corrections for unit the mean length of the microscope scales will be assumed to 
be unaltered, but the relative length of each to the mean of all will be given two values ; the 
first value will be that which was determined in J835, and has already been used in the calcu- 
lations of the lengths of all base-lines measured before 1867, calculations which it is not 
desirable to disturb ; the second value will be the mean of the two determinations in 1885 and 
in 1867, and it will be employed in the calculations of the base-lines measured after 1867, 









CHAPTEE. IV. 

■ Prelimnarp Okemtiom. 

The immense extent of the triangulation of India has necessitated the measuromout 
several base-lines, in order to verify and controiil the results of tlie ang’ular measures. 


The net-work of triangulation which was tlirown over southern India, between t 
parallels of 8“ and 19° of latitude, by Colonel Lambton, covers an area of 146,000 stpu 
miles, in which nine base-lines were employed, the distances apart, of contiguous base-lin 
varying from 90 to 250 miles. 


The meridional and longitudinal series of principal triangles, wliicli wore initiated 
Colonel Everest in place of the previous net-work system of triangidation, are already ecpii' 
lent to a chain of triangles somewhat more than 15,000 miles in length, and they will attaii: 
length of 17,500 miles when the operations, from ilie Coasts of the Feninsida nortli wards to ^ 
Himalayan Mountains, and from the Soolimani and Beloochistan Ranges eastwards to 
Frontier of Bengal, will be completed. The whole of these chains of triangulation will 
controlled by ten base-lines, five of which are situated on the C(3ntral meridional arc— tlie a: 
of Indian Geodesy— at the points where it is crossed by the longitudinal chains of triangl 
the remainder are situated at the angles of junction of the external chains with each other, r 
with the most important of the meridional and longitudinal chains. The distances from hi 
to base, along the chains of triangles by which they are directly connected, vary from 275 to 7 
miles thus in this portion of the triangulation, the base-lines are much farther apart, and 
less numerous, relatively to the extent of the operations, than in the preceding portion. 


The change, in the method of procedure, from throwing a net-work of triangulat; 
over the entire country, to constructing chains of triangles, at convenient intervals apart, 
certain obligatory meridians and parallels, was contemporaneous with the supercession of 
old instruments by new and improved instruments— constructed with all the accuracy j 
refinement of modern science— with the application of more delicate and systematic metliods 
observation, and with the introduction of more rigorous fonmihe of calculation and reducti 
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These important changes took place about the year 1832, shortly after Colonel Everest’s return 
from a visit of several years duration to Europe, which he had turned to good account in ob- 
taining new instruments for the prosecution of the operations of the Trigonometrical Survey of 
India. 

Of the new instruments, the most important, in it’s superiority over the corresponding 
appliances of former times, was probably the Colby apparatus of compensation bars and micros- 
copes, for the measurement of base-lines. All Colonel Lambton’s base-lines, as well as Colonel 
Everest’s up to the year 1826, had been measured with a steel chain by Ramsden, whereas all 
subsequent base-lines have been measured with a far superior apparatus, which was constructed 
on the pattern of the one designed by Colonel Colby for the use of the Ordnance Survey of Great 
Britain ; some of the chain base-lines have also been re-measured with this apparatus. 

Thus the linear operations may be divided into two groups, which must be noticed sepa- 
rately, one comprising the base-lines which were measured with chains, the other comprising 
those which were measured with the apparatus of compensation bars and microscopes. It is 
desirable that these should be described in succession, and this will now be done, commencing 
with the group of base-lines which were first measured. 
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CHAPTER V. 


TIiq Base-Lines whieh were measured with Cliains. 



Bescriftim of the Chains. 

At pa(^e 50 of his Aecoimt of the Measurement of an Are of the Meridian between the 
parallels of 18° 3' and 24° 7', London, 1830, Colonel Everest observes that 

“in the commencement of the Great Trigoiiometrical Survey under my predecessor, in 1799; one steel chain l)y 
“ Ilatnsdon was the only measuring apparatus. The history of tliis was rather singular. It had been sent, with Lord 
“ Macartney’s embassy, as a present to the Emperor of China,, and, having been refused by that potentate, it was made 
“ over by his Lordship to the Astronomer Dr. I)iu\viddio, who lirouglit it to Calcutta for sale, together with the KCuitli 
“ sector (a beautiful instrument /or that time) by Ramsden. The purchase of both was made by Lord Clive, [ afterwards 
“ Earl Powis,] the Covernor of Madras, at the instance of the Iflarl of Movnington, Covernor General of India,’' 

“ About this chain notliing was known but from the verbal account of Dr. Linwiddio, who stated that it wus 
“set off from Ramsdon’s l)ar at G2° of Pahrenhoit. It was cotistiuitly used a.s a moasuriug oliain, and no moans wore 
“known of discovering the quantity to be allowed for wear and tear until May 1802, when another steel chain was 
“ received from the late Mr. Ramsden, wliioli, had been set off at the toraperatnro of 30“ Fahrcnlieit from his bar. The 
“ last chain was never used in the field, Ijut rosorved as a standard with wliicli tlie old chain was compared, both liefiire 
“and after the measnrometit of a base-line ; a plan which answered extremely well, as long as it was merely subjected 
“ to the slight effects of friction wliich. resulted from suoh short trials ; but in the course of the operations it was found, 
“ tliat the joints of the standard chain had become oxidated, and, in cleaning these, the length became altered, so 
“ that it could no longer bo relied on as an invariable standard. 

“ At the time of the receipt of the new chain, the standard biuss scale, three feet iu length, referred to by 
“ Captain Kjiter iu the Philoso|)hieiil Trausaotions for 1821,*' arrived also iu India, and the late Liouteuant-Oolouel 
“ resolved to use this in his future coinparisons.” 


The cliain, of curious history, with which the operations of this Sui’vey were com- 
menced, is thus described by Colonel Lambton ; f 

“The chain is of blistered steel, constricted by Mr. Ramsden, and is precisely alike, in every respect, with that 
“ used by General Roy in measuring his base of verification on Ruimey Manh. It consists of 40 links of 2} feet each, 
“ measuring, in the whole, 100 feet. It has two brass register heads, with a scale of six inches to each; these scales 
“ slide in the brass heads, and are moved by a finger screw, for the purpose of adjusting exactly the two extremities of 
“the chain when extended. In short every part of it is the same as the one above mentioned, which has been fully 
“ described in. the Philosophical Transactions of 1790.” 


The second chain, wbicli was received in the year 1802, was also constructed by Mr. 
Ramsden, and was probably similar in all respects to the first; it was stated to have been 
measured olf from “ the standard in London,” at the temperature of 50° Fahrenheit, and as there 
was no positive information regarding the unit of length of the first chain, the. second was 
employed as a standard of reference only, and was not used in measuring any of the base-lines ; 


* For further detaih regarding this scale see Section 1 of Ohaptor I, of this volume, 
t See page 821 of volume 7 of Asiatic Eesoarchos, Calcutta, 1801. 
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Year of mea- 
surement. 


Chain Base-Lines. 


Latitude. Longitude. 

vised. 


Whether on the 
ground^ or on 
Coffers. 


1802 

1804 

1806 

1808 

1809 

1811 

1812 

1814 

1815 
1822 
1825 


Madras, 

Bangalore, 

Coimbetoor, 

Tanjore, 

Palameotta, 

Gooty, 

Guntoor, 

Coomptee, 

Beder, 

Takal Kfficra, 


12 57 

57 
10 58 

10 44 
8 47 

15 3 

16 17 
14 28 


y 

80 i5 

11 43 
11 43 

79 « 
77 43 
77 40 

80 31 

74 25 
11 41 
11 42 
77 52 


Colonel Lamhton. 
Lieut. Warren. 
Colonel Lambton. 


✓ </ 

Captain Everest. 


Coffers 


33 

Ground. 

Uncertain. 

33 

Ground. 

33 

Uncertain. 


+1 - I base-lines in longitude IT to 78° were measured with 

theaidof the colters, as they were required for the triangulation of the ‘Great Arc’, where 
the utmost possible accuracy was aimed at ; on the other hand the base-lines at Tanjore, Guntoor 
and Coomptee, which were measured on the ground, were considered of secondary importance 


The IJicmal Expansions of the Chains, 

The thermal expansions were determined by Colonel Lamhton, at Madras by extendino. 

a el«.n m the coffore, and adjusting each of it's extremities over a reSr’in a 

precisely Similar to the ordmmy procedure of the measurement; the chain was held Tn this 

position for some days, and it s extremities were compared with the registers at sunrise and nf 
2 p. M., the coolest and hottest times of the day. ^^^isiers at sumise, and at 

Seven comparisons were thus made with each chain fhf> din-pncii -,. 0 ^, c x 
varying from 25” to 42”, between the minimum of 80“ (FahrmlieU ) and the mldmurorf^T 

““standard chain 

” °°742 „ *000,006,18 

bars, wltrh:::te“;d ly it it dSi 

co-eficrent of expansion of the Steel Standard I, is - 000 . 006 , 3 " i sett 
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Compafatw& lengths of the old chain and the neio or standard chain. 

The comparisons appear to have been made by placing; the chains successively in the 
coffers, and, when extended by the weight of the Sir inch shell, adjusting one extremity over a 
register, and bringing a register under the other extremity, by means of the slow motion screws, 
as in the ordinary operations of the measurement. The results are as follows, the old chain 
being invariably the longer of the two. 


Year. 

Base-Line or Locality. 

Excess or old chain in 

INCHES. 

Lengthening of 
old chain during 
measurement of 
a base line. 

Before 
the bas 

After 

e-lines. 

Mean. 

1803 

Madras Base, 

•04346 

■05306 

•04826 

•00960 

1804 

Baiij^alore „ 

•07438 

•08 <593 

•08010 

•01164 

1806 

Coimbatoor „ 

•08736 

•12012^ 

•10374 

*03376 

1809 

Balamcotta „ 

•14356 

•18767 

•16513 

•0451 I 

1811 

G-ooty ,, 

•14616 

•17376 

•15996 

•03760 

1813 

Bellary 



•19560 


1814 

Hyderabad 



•31073 


1815 

Bider Base, 

•31073 

•31936 

•31504 

•00864 

1833 

Takal K'hera „ 

•30904 

•33476 

•31690 

•01573 

1835 

Sirouj „ 

•33981 

*23833 

•33407 

•00853 


No comparisons were made at the Tanjore, Guntoor, or Coomptee base-lines. 



Investigations of siipfosed variations in the length of the standard chain. 

It will be noticed that the old chain was steadily gaining in length over the standard 
until the year 1811, when the excess was found to be less than it had been in 1809. This 
circumstance led Colonel Lambton to suspect the hitherto assumed invariability of the standard 
chain, and he determined to test the standard by comparing it with his only other standard of 
length, viz., the 3 feet brass scale by Cary. At Bellary, in 1813, Colonel Lambton caused a 
wall to be built, feet high, 2 feet thick, and 106 feet long, of brick and mortar, well 

leveled and plastered with the finest ‘ chunam’. A series of brass ‘ buttons’ was inserted into 
the surface of the wall, in a straight line, the first five at 24 feet, the remainder at 10 feet 
asunder. A space of 24 feet was than taken off the scale with a beam compass, and transferred 
to the wall until the first 10 feet were marked off on the buttons ; this 10 feet was then set off, 
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la successive spaces, by a lar^e beam compass, until the whole hundred feet had been attained.. 
Tents had been previously pitched over the entire length of the wall, and the chain and the five 
thermometers had been kept by the side of the wall for several hours previously. 

Immediately after the length of one hundred feet had been laid off, the chain was 
extended, at full length, on the wall, in the usual manner, one end being fixed firmly, and the 
weight being applied to the other end. The chain was found to exceed the length marked 
off on the wall, by •0341 inches,, the mean temperature indicated by the thermometers being 72°, 

Colonel Lambton was under the impression that Cary’s (brass) scale was of the exact 
length of a brass standard in London, and that the chain, when originally constructed, measured 
exactly 100 feet of the London standard, at the temperature of 50°. On these assumptions, 
he reduced the result of the above comparison to the temperature of 50“,* and thus found the 
length of the chain to be ‘1430 inch in excess of 100 feet of the London standard, at that 
temperature. 

At Hyderabad, in 1814, Colonel Lambton again compared the chain with Cary’s scale, in 
much the same manner as he has done at Bellary, but the comparisons of the chain with the 
space laid off on the wall were made three times, on successive days, instead of once only, tho 
wall being assumed to be unaffected by changes of temperature. 

Similar comparisons were again made at Hyderabad, in 1821, under Colonel Lambton’s 
superintendence. 

At Sironj, in 1825, the chain was again compared with Cary’s scale, in much the same 
manner as on the former occasions, hut by Captain Everest, whose account of the operation 
and the results are given at pages 51, 52, and 124 of his Arc Book of 1830; instead of a wall. 
Captain Everest employed “large slabs of sand-stone, ten feet long, supported on stone pillars, 
“ under the idea that they might he less liable than the masonry to be affected by the changes 
“ of temperature which took place during the measurement”. 


The excess of the chain over one hundred feet of the standard scale, as reduced to the 
temperature of 50° Fahrenheit, on these several occasions, was as follows : — 

at Bellary, in 1813, excess = T428 inch, 
at Hyderabad, in 1814, „ = -1889 „ 

at „ in 1821, „ =-2480 „ 

at Sironj, in 1825, „ = -1593 ,, 


While the length of the chain appeared to be increasing, relatively to that of the scale, 
this was supposed to be due to the removal of rust from the joints of the former; but the 
apparent decrement in -length, at the last comparison, raised a suspicion that the accuracy of 
^ e whole of the comparisons was exceedingly questionable. Nothing better was practicable 

available appliances. But it is clear that any measuring chain, how- 
ever perfectly constructed, must necessarily be a most uncertain standard of reference for delicate 

Almployiag the foEowiag co-effieients of expansiou, *000.006, .8 for tke chain, md *000,010,31 for tho aoale, for !<>* of Fahrenheit. 
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measures ; the joints may mst, or became clogged with dust, the friction of the chain on the 
surface on which it is supported may prevent it’s being always drawn out to the same length by 
the drawing weight, the action of the weight has a tendency to increase the length of the chain, 
and the temperature of the chain cannot be very exactly ascertained. 

Moreover the transfer of the length of a fractional portion of a small scale, by suc- 
cessive operations, until a length of one hundred feet has been laid off, and that with the 
aid of beam-compasses only, is a process which cannot be expected to lead to results of the 
precision that is required for operations of this nature. 

If we might assume that the comparative length of the standard chain and Cary’s scale 
had been accurately determined by these operations, there would still be no evidence forthcom- 
ing, as to whether the chain had increased in length, in the interval of eleven years, between it’s 
arrival in India, and the time when it was first compared with the scale, for the unit of 
length of the scale was merely assumed to be equal to that of “ the London standard,” from 
which the chain had been laid off by Mr. Ramsden, and the relative lengths of these two 
scales does not appear to have ever been directly determined. 

The chain was eventually compared, by Colonel Everest, in 1832, with the lO-feet iron 
Standard Bar A, which was sent out to India in 1830, and has ever since been the unit of 
measure of the Trigonometrical Survey. The comparisons are described in detail at pages Cl 
to cm of Colonel Everest’s Arc Book of 1847. The excess of the chain over ten lengths of 
this standard, at the temperature of 62“, was found to be = TOll of an inch. 



The impossihilUp of ascertaining the unit of length of the chain hase-Unes, otherwise than 

ly re-measurement. 

The uncertainty which exists regarding the invariability of length of the standard 
chain, and the impossibility of ascertaining the length of that chain in terms of the only other 
standard — Cary’s 3-feet scale — with much exactness, have already been set forth in the preced- 
ing section ; and these facts are sufficient to show that the unit of length of the chain base- 
lines cannot possibly be obtained otherwise than by re-measuring the lines with better instru- 
ments. But, in order to complete the history of this subject, it is necessary to state that, on 
the publication of Captain Kater’s paper in the Philosophical Transactions of 1821, Colonel 
Lambton ascertained, for the first time, that the unit of length of “ the London Standard”, 
from which the chain was laid off, was not the same as that of Cary’s scale. Captain Kater 
had arrived at the conclusion that the former was to the latter in the proportion of '999930 to 
I'OOOOIS, all measurements by the former requiring a multiplier of 1-00007, and by the latter 
a multiplier of *999982, to reduce them to units of “ Mr Bird’s scale of 1760,” which had been 
adopted as the Parliamentary or Imperial Standard, by Act 5 of G-eorge IV, Chapter LXXIV. 
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Captain Kater, however, had not compared either of these standards with the Parlia- 
mentary Standard, but instead thereof* * * § he had employed “a standard supposed to represent 
Colonel Lambton’s, and a 40-inch bar supposed to represent Ramsden’s”. Thus the comparisons 
are wholly inconclusive. 

Another point of still greater importance is the uncertainty which exists as to whether 
the standard chain was laid off from RamsdeiTs brass scale, as Colonel Lambton believed or 
from Ramsden’s Prismatic cast-iron bar — which was laid off from his brass scale expressly for 
laying off the chains which were used in the Ordnance Survey base-lines — as Captain Clarke 
thinks most probable.f Colonel Lambton, in one of his papers, alludes to the scale and the bar 
indifferently as if they were one and the same thing ; and in a memorandum on the subject of cer- 
tain corrections which he applied to the* Arc between 8° 9’ 38” and 10° 3' 24”, to reduce it to the 
Parliamentary Standard, by means of Captain Kater’s determinations, he states^ that the standard 
chain had been “ laid off from Ramsden’s Bar, at the temperature of 50°”. §Colonel Everest 
also, in the paragraph quoted in the first section of this chapter, specifies the bar, and not the 
scale, but, on the other hand, he has corrected his chain base-lines as if the scale had been 
employed. It seems probable that Colonels Lambton and Everest were neither of them aware 
that the bar and the scale were two different things. As the measurements were finally 
reduced to the normal temperature of 62°, and the har was of cast-iron, while the scale was of 
brass, the uncertainty from this cause is equivalent to a doubt of about 7° in the mean temper- 
ature of the measurement. 

It is thus clear that the only means of determining the unit of length of the chain base- 
lines was by re-measuring them, with the admirable apparatus which Colonel Everest brought 
out to India in 1830, in supercession of the chains and standards which had been employed up 
to that time. 

It may also be shewn that, even when the unit of length of the standard chain was best de- 
termined— u/s?., by Colonel Everest’s comparisons atSironj, in 1832, with the new 10-feet standard 
bar A, when micrometer microscopes were first employed in the comparisons --the results were 
unsatisfiictory, evidently because of the intrinsic defects of the chains. The comparisons be- 
tween the measuring and the standard chains, before and after the base-line measurements — 
the results of which have been given in a preceding section of this Chapter — indicate that the 
lengthening of the former was by no means as uniform as might be expected, being very much 
greater for the operations in 1806 to 1811 than it was either before or afterwards. Thus a 
doubt is thrown on the accuracy of the comparisons. 

And it would also appear that the measuring chain was stretched out to a greater length 
during the comparisons than it was during the measurements, for the length of the Sironj Base, 

* See page 5 of Mr. Airj’s Aceoimt of the Construction of the new National Standard of Lenfth and ifs Principal Copies^ 1858. 

t See pages 753 and 754 of tlie Account of the Principal Triangulaiion of the Ordnance Survey, 1858, and pages 209 to 212 for the 
account of the Prianmtic Bar and it’s thermal expansion. 

t Sco page 18 of the 6th voliirao, in manuscript, of the operations of the Trigonometrical Survey, a copy of which w lodged in the 
India Office. 

§ See pages 126, 129, and 132 of hia Account of the Indian Arc, 1830 



( 45 ) 


THE BASE-LINES MEASURED WITH OHAINS. 

as determined by the chaining, is 2*8 feet less'’’ than the length subsequently detormiuod by the 
apparatus of compensation bars and microscopes, both lengths being expressed in ternis of the 
same unit, viz., the newly obtained 10~feet standard bar. 

Taking all these circumstances into consideration, the conclusion is ineviialile and irre- 
sistible that the chain base-lines are worthless for tlie purpose of controlling tlio l^rinci|)al 
Triangulation of this Survey, and more particularly that great portion of it winch has lieim 
completed since the year 1830, with the best modern instruments. They have served tlw pur- 
pose for which they were more immediately required, but they have been su|)orcodo(l by iiio 
base-lines which were subsequently moasiirod with the Colby apparatus of compensation bar^ 
and microscopes ; thus they need not now be further noticodf , 


* Soe Colonel Eyerest’s Arc Boole of 1847, pages OIV and 280. 

t All extant details regarding those baso-linos wiE bo found in tho first 6 volumes of Uio General loporf. of the TripnnraetHi'al 
Survey, « are deposited at the India Office in manuseript; in volumes VII, VlII, X, Xll, XlII of the Asiatiek ttwemvIiuH, itt tile 
Philosophical transactions for 1818 and 1823, and in Colonel Ivoreut’s Accounts of the raoiwureiuont of the luditui Arc, 183U luni Ml 


KWRiflt 
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CHAPTEE VI. 


The Colly Apparatus of Gompmsation Bars and Microscopes. 



Description of the Apparatus. 


The apparatus of compensation bars and misroscopes which was brought out to India 
by Colonel Everest, and has been employed at all the base-lines which have been measured in the 
course of the operations of this survey since the year 1830, is precisely similar, in almost all 
respects, to the apparatus which was invented by Major General Colby for the measurement of the 
base-lines of the Ordnance Survey; both apparatuses are believed to have been constructed by the 
same makers, viz., Messrs. Troughton and Simms. Elaborate descriptions thereof, with numerous 
illustrations and full details of the method of operation, have already been published in Captain 
Tolland’s Accomtofthe measurcmmtofthe Lough Foyle Base, 1847, in Colonel Everest’s Account of the 
measurement of the Meridional Arc of India, 1847, in Captain Clarke’s Account of the Principal 
Triangidation of the Ordnance Survey, 1858, and in Sir Thomas Maclear’s Verification and Exten- 
sion of La CailUs Arc of Meridian, 1866. A minute description of the several parts of the 
apparatus and of the method of operation is therefore unnecessary in this place, where such 
particulars only need be given as are required for the understanding of the investigation of the 
probable errors of base-lines measured with this apparatus, which will be the subject of the 
following Chapters. 

Each compensation bar consists of two bars, one of iron the other of brass, each 10*1 feet 
in length, ‘55 inch broad, 1‘5 inch deep, and placed 1’3 inch apart ; rigidly connected at their 
centres by a pair of small transverse steel cylinders, these bars are free to expand from or contract 
towards their centres, independently of each other ; at each extremity they are connected 
together by a flat iron tongue — 6-3 inches in length, ‘25 inch thick, and of a breadth tapering 
from 1*1 to *6 inch — which is attached by pivots, in such a manner as to permit the bars 
to expand freely while the tongue oscillates on the pivots ; the attachment to the brass bar is made 
near the broad end of the tongue, while the narrow end projects to a distance of 3*4 mohes 
beyond the iron bar. 
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The compensation point is marked on a silver pin near the extremity of each tongue ; the 
distances of this point from the axes of the pivots of attachment to the brass and iron bars, 
should be exactly in the same proportion as the co-efficient of expansion of the brass bar is to 
that of the iron bar. Were this condition fulfilled, tbe length of the compound bar — viz., 
the distance between the compensation points on the two tongues— would be constant, whatever 
might be the temperature of the bar, provided that both the components were of precisely the 
same temperature ; the length is, by construction, slightly greater than that of the 10-feet 
standard, at 62'’F. 

The compound bar is boxed into a deal case, and each of the components rests — at one 
fourth and three fourths of it’s length— on brass rollers which are fixed to the bottom of tbe 
box, and have raised flanges to prevent lateral motion ; longitudinal motion is prevented by 
meansof a brass stay, fixed firmly to the bottom of the box at its centre, and projecting upwards 
between the two steel cylinders by which the bars are rigidly connected at their centres. Here 
a spirit level is attached, parallel to the direction of the bars, and is read through a glass window 
in the lid of the box ; a pair of cross levels is mounted on the top of the box. The tongues 
project about two inches beyond the side of the box which is next to the iron bar, and are pro- 
tected by brass caps or ‘ nozzles’, with sliders which can be opened whenever the compensation 
points have to be viewed. 

There are six compound bars, which are respectively distinguished by the letters A, B, 
C, D, E, and H. When in use, the box containing a compensation bar is supported, at one 
fourth and three fourths of its length, on strong brass tripods, or ‘camels’, which are capable 
of communicating motion in a longitudinal, transversal, or vertical direction ; for a description 
of these camels see Appendix No. 1 ; they rest on strong diagonally-braced wooden trestles, the 
heights of which are regulated by the slope of the ground. 

The compensation microscope consists of a pair of microscopes which are attached— 
with the visual axes nearly parallel to each other and at a distance of about six inches apart— 
to two parallel bars, the planes of which are perpendicular to the axes of the microscopes, the 
bar near the eye end being of brass, and that near the object end of iron, and both being free 
to expand from or contract towards their centres ; the adjustments are so made that the outer 
foci of the object glasses are compensation points at exactly six inches apart. The bars are 
united, at their centres, by a cylindrical tube, which is fixed at right angles to their direction, 
and is prolonged — beyond the iron bar— to a length of 3 inches, which fits into and is made to 
revolve, as an axis, in the socket of the tribrach at the base of the instrument. At the extre- 
mities of the arms of the tribrach there are foot screws, by which, and the attached level, the 
axis, revolving in it’s bearings, can be made vertical. In some of the compensation microscopes, 
the axial tube is converted into a look-down telescope, by the addition of an eye piece, at one 
end, and an internal sliding tube— adapted to receive object glasses of various focal lengths— 
at the other end. The axis is capable of being moved, over the centre of the tribrach, both 
in a longitudinal and in a transverse direction, by slow motion screws, acting on horizontal 
plates in grooves on the head of the tribrach. Thus the instrument may be centered in the 
normal of an obligatory point below, with the aid of the look-down telescope, The axis of 
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rotation is indicated to the alignment officer hy a ‘ director’, a thin bar— about 2*5 inches in 
lens-th and -3 inch in breadth, with a fine silver line down the middle— which is fixed, at 
right angles, to a circular plate of the same diameter as the cap of the eye piece of the look- 
down telescope, and, projecting through it, fits into the aperture of the eyepiece; the silver 
line on the director is in the prolongation of the axis of rotation of the instrument. 

The visual axes of the component microscopes are so adjusted that a line joining their 
external foci, or compensation points, wonld pass through the axis of rotation at right angles ; 
a ‘ side telescope’, moving in a plane, parallel to that which passes through the foci and the axis 
of rotation, is attached to the instrument on one side, and when it is made parallel to the line — 
by a process which will be subsequently explained— and the axis is in the line, both the micro- 
scopes will also be in the line ; and when the axis is vertical, the focal points will be in the 
same horizontal plane. 

In tlie arrangements for comparing the microscopes with their scales, or with the stan- 
dard 6-inch scale,* an important improvement was introduced hy Colonel Everest, which may 
bo described in this place. The microscopes of the Ordnance Survey do not contain any micro- 
meters for measuring the difference between the length of the microscope and that of the scale 
of reference ; it is therefore necessary, in making comparisons of verification qf^er a measure- 
ment, either to watch for the temperature at which the length of the scale becomes ecpual to 
that of the microscope, or to attempt to estimate the small differences in length by comparing 
them with the known diameters of the dots or of the wires. But at the measurement of the 
first base line in India — the one at Calcutta — so much inconvenience was found to arise from this 
imperfection of the apparatus, that Colonel Everest caused micrometers to be attached to the 
scales, for the purpose of measuring the distance between the dot on a scale and the wire of a 
microscope. The micrometer screw acts on a thin narrow brass plate, carrying a diaphragm into 
which a piece of transparent talc is inserted ; thus the dot can be seen under the microscope 
through the talc ; two cross lines are cut on the talc, the intersection of which is brought by 
the micrometer screw either over the cut on the scale, or under the wire of the microscope, the 
distance between which is thus measured with a degree of accuracy unattainable by mere 
estimation. 

Two new compensation microscopes, which were received in India in 1866, are each pro- 
vided with micrometers in the eye^ piece of one of the components, for the purpose of making 
these small measurements. 


2 . 

Tke method of using the a^^amtus which has le&n followed h the operations of this Survey. 
The apparatus is adapted to measure a length, at one time, of 63 feet, of which 60 feet 


* The rolativ© loEgth of all tliese scales to tlio 10-feet standard have tioen given in Section 8 of Chapter III of this volume. 

t In his Vefijiaaiion md Uxtension of Zat CailU^s Arc^ Sir Tliomas Macleaa: alludes to this defect in the Ordnance Survey Micros- 

€opo 0 u cauiing the compairieons to fall dxort of the precision attainahle by means of micronjeter microscopoB*** 
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IS obtained from tbe six bars, 2‘5 feet from tlie fire microscopes cennecting the bars, and '5 foot 
from the half lengths of the two end microscopes. 

The measurements being invariably horizontal, and not hypotlienusal, considerable care is 
taken to select a strip of ground, which is either quite level or is gently undulating, for the 
operations. The measurements are performed most rapidly and satisfactorily when the elopes 
permit of their being carried on with the complete set of six bars and seven microscopes, and 
when the differences of level between contiguous lengths are not more than a few inches. The 
ground is roughly leveled over, in the first instance, in order to determine the angles of inclina- 
tion, that trestles, of various heights to suit the slopes, may be prepared for supporting the bars. 
When a slope exceeds 1 in 20, the measurement is carried on in sets of three or of two bars, with 
a proportional number of microscopes, in order that the stability of the apparatus may not bo 
impaired by mounting any portion of it to a considerable height above the ground, and also that 
the distances of the end microscopes from the subjacent ‘ registers’ may not be too great for the 
exact centering of the axis of a look-down telescope over an obligatory point below, or, 
conversely, for centering such a point exactly under the telescope. 

The alignment is marked out, in the first instance, by points on pius at intervals of a 
few hundred yards apart, over which vanes are erected or heliotropes are exhibited, for the 
guidance of the alignment officer. This officer employs for his operations a ‘ boning instruinonf 
which may be described as a transit telescope riding, on Y’s, on a frame to which motion can bo 
communicated in a direction transverse to that of the telescope, in order to enable the telescope 
to be brought into the alignment which is indicated by the forward signals. The boning instru- 
ment is put up near the the rear end of the measuring apparatus, and is moved forwards with 
the apparatus after each length or every alternate length is measured ; it’s greatest distance from 
any point of the apparatus is not allowed to exceed 2^ sets or 157'5 feet, the shortest distance 
usually being a half set, or 3T5 feet. 

The operations are invariably conducted under tents, in order that the apparatus may be 
sheltered from wind and — what is of more importance in India — from the direct rays of the 
sun. Two sets of tents are provided, that one set may always be ready in advance to shelter 
the bars by the time they are moved forwards; a small tent is also provided for the boning 
instrument. Eight officers are required to manipulate the apparatus when the whole of the 
bars are used, one at the honing instrument, and one at each of the seven microscopes ; an 
assistant is employed in advance, in laying the trestles. • 

The first stage in the operations is the laying of the trestles, as approximately as 
possible, in the line— with the aid of a small theodolite — and raising or lowering tbom 
until their heads are nearly in the same horizontal plane. This done, the camels are placed 
on the trestles, the bars on the camels, and the microscopes on tribrachs which are attached to 
the ends of the bars, and contain grooves for the feet of the microscopes to rest in without 
shake. The first or rear bar carries a microscope at each end, the other bars carry one at the 
forward end only, 

The first bar of a set having been leveled, the microscopes at its extremities are leveled 
and each is adjusted to focus on the compensation point on the contiguous tongue of the bar ; 
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operations are carried on ; it is evident that the effects of these errors will be eliminated if the 
comparisons with the standards are made under precisely similar circumstances to those which 
obtain during the measurement. 

In the comparisons at the Calcutta base, which was the one first measured in India with 
this apparatus, and in those previous to the measurement of the second base — that at Behra 
Boon — the first of the above objects was alone contemplated ; the comparisons were made, 
not in the base-line tents, but in buildings attached to the Surveyor General’s Offices at those' 
places, and, at Calcutta, they were made during the night. But the comparisons after the two 
measurements of the Behra Boon Base, and on all subsequent occasions, were made in the 
base-line tents, under circumstances very similar to those of the measurement, — that is to say 
they were commenced early in the morning, suspended for a short time and resumed before noon, 
and concluded in the evening, at the same times as the corresponding operations of the measure- 
ment. They have invariably been made for at least three or four days before and after each 
measurement, and, at the fiftli base (Sonakhoda) Colonel Waugh introduced the system — which 
has been followed on all subsequent occasions — of making cornpariso ns at the centre of the base, 
in addition to those before and after the measurement. 

An equal amount of attention has not been devoted to the compensation microscopes, as 
the length of only the 1st part of the base is dependent on them ; ea ch microscope has however 
been generally compared with its scale several times, during the course of the measure- 
ment. 


The following remarks on this subject are extracted from Colonel Waugh’s report (in 
manuscript) on the Chuch base, near Attock. 

OoIojigI liiVGrcst, in. li,is work on iJiG Iiicium Arc, liiis stutcd, tlifit no d.GpGndGiiCG gru be pl8>CGd on 'tlic pcrnin* 
“ nent length of the compensation bars. It is this uncertainty, in fact, which renders it necessary at every base-line 
“ after every march, or any change of circumstances, to compare them with the standard. An attentive consideration 
“ of a day’s compainsons will shew that their length is not constant during a single hour of the dry. From sunrise 
“ their length first increases a little, and then diminishes for a time, although the temperature is increasing rapidly. 
“ After which they again expand, the heat still increasing. These alterations may be explained, almost entirely, by 
“ the effects of dissimilar radiating power in the lirass and iron bars. There is a great difference between the heating 
“and cooling capacities of brass and iron, and this difference prevents the two bars having the same temperature for 
“ any length of time. The want of identity in temperature between the metals, will apparently produce, under some 
“ circumstances, the effects of over-compensation, while in other circumstances the bars will appear under-compensated. 
“ The cause of the observed change in length appears to be the difference of temperature between the two metals in the 
“ compound bar, independent altogether of absolute temperature. The alterations in length, in fact, varying according 
“ to the rate or velocity at which the temperature of the air is undergoing change. 

“ A rapid change of temperature will produce a great alteration in the length of the compound bar and vice 
“ versa, At sunrise, under tents, the bars go on cooling for a short time, and their apparent length increases in a cor- 
“ responding ratio. Then as they begin to acquire caloric, their length decreases, until both bars are uniformly heated, 
“ when the length of the compound bar increases xmtii the hottest period of the day is attained, when the bars again 
“begin to measure shorter as the temperature decreases. These phenomena are obvious from an inspection of a day’s 
“ comparison _ at any base line. It is clear also that the fluctuations in length are independent of absolute temperature 
“ as far as it is possible to judge. The only remedy available to us for this inconstancy in the length of the compensa- 
“ tion bars, is to compare them with the standard under circumstances exactly indentioal with those prevailing during 
“the measurement. It is from a consideration of the vast importance of this rule, that the bars were compared at 
“ Sonakhoda and Chuch bases, a,t the centre of the line. For the same reason also, at this latter base, the measurement 
“ and comparisons have been divided into morning and evening sets for the purpose of computations. 
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4 . 


The lengths of the hase4ine8, the time ocewpied in thdr measmemeut, md the 

mrificatory tnangulation. 

It will be readilj understood, from the foregoing descriptions, that the operations for the 
measurement of a base-line, with the compensation bars and microscopes, are exceedingly tedious 
and laborious. This is more particularly the case at the commencement of a measurement, when 
the several persons employed are imperfectly familiar with the manipulation of the apparatus 
and each has still to learn how to execute his own share of the operations with the least possible 
obstruction to his coadjutors. During the first week, it rarely happens that more than six or 
seven sets — equivalent to about ~th of a mile — are measured in one day. But after three or four 
miles have been finished, the measurement advances at the daily rate of twenty to twenty-five 
sets, or rather more than J of a mile. 

That this circumstance has exercised considerable influence in determining the lengths 
of the base-lines, will be seen from the following extract from Colonel Waugh’s “ Instructions 
for selecting Base-Lines.” 

“ Scientifio men entertain various opinions regarding the proper length for liases. Continental geodesists of 
“ the greatest celebrity are in favor of short lines from 1 ^ to 3 miles in length, and have practically carried out this 
'' principle in modem operations. English baso-lines, on the other hand have always been of considerable length, 
“ varying in fact from 5 to 10 miles. Nothing seems to be gained by very short lines, except a trifling saving of time 
"and labor. It is clear that the short bases in fashion on the continent, cannot be connected with great triangles, 
" -without several supplemental stations, which is an evil because the stations of a series should be as few as possible, 
" and the length of the sides of triangles ought only to he limited, by considerations connected with distinct vision of 
“ the signals. The chief part of the expense, difiiculty, and delay attending the measurement of bases, consists of 
" preparatory arrangements, common to short as well as long bases ; such as transport of apparatus to the spot, as- 
“ sembly of establishment from distant parts of the country, and training them to the duties. The measurement of 
" the first mile always occupies a considerable time, but after facility has been acquired by practice, the work proceeds 
" rapidly at an accelerating rate. After the first 2 or 3 miles, the measurement usually proceeds at the rate of 4 days 
" per mile, or even less, according to the length of day light available. Two or three additional miles seem therefore 
" to be a matter of small importance, as the time occupied in measurement will not be extended thereby beyond 8 to 
" 12 days. 

“ In India, 7 miles is considered an average length of line, and as nothing can be gained by departing from the 
" example of our English predecessors and running after modern continental fashions, it appears desirable that a base 
" should not fall short of 6 miles, nor exceed 8 miles. The character of the ground will generally give limits to the 
"length] of the base, for it is always difiGLcultto obtain unexceptionable ground averaging 7 miles in length.” 

Of tlie ten base-lines wfiich. have now been measured with the apparatus of compensation 
bars and microscopes, all but the last are of lengths varying from 6*43 to 7*87 miles ; — ^the last 
was restricted to about one-fourth only of the average length, hut it was measured four times 
over, in order to furnish data for the determination of the probable errors of measurements 
with this apparatus- 

The following table gives the position of each base, the length in miles and in sets, the 
number of working days and the average and the maximum daily progress of the measurement ; 
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The errors arising from these deviations have been guarded against, as much as possible, 
by endeavoring that the comparisons of the bars with the standard should be made under similar 
circumstances and conditions to those of the measurement, as has already been set forth. The 
verificatory triangulation, by which each section of a base-line is compared with the others, 
has rarely indicated discrepancies of a larger magnitude than i of an inch for each mile— or 
the js^oth part — of the measurement, and this circumstance has materially tended to allay the 
alarm which the erratic behaviour of bars and microscopes had occasioned. 

2 . 

On the construction of the compensation bars, and the measures taken for equalising the thermal 

capacities of the components. 

The variations in the length of a truly compensated bar are well known to arise from the 
differences of temperature of the brass and iron components of the bar. If the ratio of the 
expansion of the brass to that of the iron component is as 3 to 2, then the change in the distance 
between the compensation points, for a difference ot 1° of temperature between the two com- 
ponents, will be three times the change in the length of the iron component for a variation of 1“ 
of temperature ; thus the compound bar may be regarded as a very accurate differential thermo- 
meter, which measures the difference of temperature of it’s two components with greater 
precision than could be attained by any but the most delicate thermometers. 

Now a brass bar has a greater capacity for heat — ^greater powers of radiation and 
absorption — than an iron bar of the same dimensions; thus the brass component of a compen- 
sation bar has a tendency to acquire the ordinary diurnal variations of temperature more rapidly 
than the iron component, and consequently the length of the bar is liable to corresponding 
variations. 

These circumstances were all well known to Colonel Colby — ^who was the first person to 
apply the principle of compensation to the construction of bars for the measurement of base 
lines— and to his assistant, Lieutenant Drummond, who supervised the construction of the bars 
for the Ordnance Survey. They ascertained that, in order to produce the desired equality of 
temperature, it was necessary^ “either to make the bars of different dimensions, or to vary 
their surfaces till, by means of increased or diminished radiation or absorption, the desired 
equality was produced.” The second method was chosen, and experiments were made on the 
heating and cooling of brass and iron cylinders, with a view of ascertaining the best means of 
so coating their surfaces, “as to induce them to acquire or part with equal increments of 
temperature (when similarly exposed) in the same periods of time.” These experiments showed 
that, without altering the relative dimensions of the bars, it was possible, by appropriate coat- 
ings, to reverse their normal capacities for heat, and therefore to equalize their rates of changing 
temperature. For this purpose the brass bars were bronzed and varnished ; the iron bars were 
browned and lacquered, and smoked until a sufficient surface of lamp-black was obtained to 
produce the requisite effect, they were then varnished. 


* See Aoeomt of the Measwremnt of the Lough Voyle Base, pages 9 and 10. 
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No very detailed information is forthcoming regarding the processes by which the com- 
pensation points of the bars for the Indian Survey were laid off, and the thermal capacities of 
the brass and the iron components were equalized. From a memorandum by Colonel Everest it 
appears that the bars were heated “ to 180” Fahrenheit and upwards”, in an oven, and then 
placed under a pair of microscopes, the distance between which was equal to the length of the 
standard bar at 62”, and 

“ The points >vere then noted which, in the coiirae of cooling, retained the same relative positions ; this opera- 
“tion was repeated several times on each compensation bar, and the points so determined were ultimately marked 
“ by dots on their silver disks, as neutral points.” 

“Coatings of varnish were partially applied, the due adhibition of wliich rests on trial, and is another point 
“ of difficulty in determining the nodal points.” 

The apparatus was completed by Messrs. Trough ton and Simms in the year 1830, and 
was tested by a short measurement, on Lord’s Cricket Ground, at which Lieutenant Drummond 
assisted ; it appears probable that the makers availed themselves of the experience which had 
been acquired in the construction of the Ordnance Survey bars, to satisfy all the requisite con- 
ditions, as closely as was possible, in the construction of the bars for India. 

Nevertheless the fluctuations in the lengths of the bars clearly indicate that the brass 
and the iron components are liable to acquire different temperatures ; thus very material errors 
may arise when the circumstances of the comparisons of the bars with the standard are not 
similar to the circumstances which prevailed during the measurement. It is essentially neces- 
sary therefore to ascertain the amount of error to which a base-line measured by this appa- 
ratus is liable. 

This may be done either by comparing the sections of the line by triangulation executed 
for that purpose, or by investigating the probable errors of every successive operation in the 
process of the measurement, and combining these to obtain the entire probable error, or by an 
examination of the discrepancies between two or more measurements of the same distance, which 
may have been made for the purpose of deciding this question. The two last methods are pre- 
ferable, as they are independent of extraneous errors, such as are introduced in the first method, 
by the measurement of angles. 

Colonel Everest measured his second base-line — the one in Debra Doon — ^twice over ; ■ 
and he has given the results at pages 288 to 292 of his Arc Book of 1847 ; unfortunately the 
value of this operation is materially diminished because the comparisons of the bars with the 
standard, before the first measurement, were made “ under a thatched building”, and not in the 
bar tents, under circumstances as similar as possible to those of the measurement, as was done 
during the after comparisons at this base-line, and on all subsequent occasions. . 

At the Cape Comorin base — the tenth and last which has been measured with the appa- 
ratus— the probable errors of every successive operation in the process of the measurement 
were independently ascertained ; the line was measured four times, thus furnishing additional 
means of ascertaining the probable error of the entire operation, but it’s length was restricted 
to about one-fourth of the ordinary length. The results of these investigations will be indicated 
further on, but first it will be necessary to enter on a theoretical examination of the variations 
of compensation bars. 
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3 . 

Theory of the changes in the length of a eomgmation tar, rMively to the normal length 

of a standard har. 


D 


B 


C 


'h 



list A B D E B F be the halves of the two com- 
ponents of a compensation bar, firmly fixed in the plane 
A p Pj, but free to expand or contract in length, ABC 
being the brass component. 

Let BE MO be the axis of the tongue, 0 being the 
the true point of compensation, while M is the point 
marked by the maker, at a distance 0 M from 0 which is 
to be ascertained from the performances of the bar. 

Let p M M' be drawn through M parallel* to A B or -m? anil lo+ +b i ^ » 

considered as pnnol in ^ i i distance PM be 

aiuwea as equal to halt the normal length of the comnonnd hnv +1,^ .l i , 

the oompoBaatiou points, when the temperature of both the ooinpon;ris 62- 

Let the linear expansion of the brass component, for be « 

” iron „ ,, ’ , 

and let MB = ??2 , me = w.. 

Then, when both components are at the temperature of T 4- +ho h.if i .i, r 
bar will be PM' exceedinty p m hir ■^/r iv/r/ 4 ai, • ^ + 02, , the half length of the 

length will be ^ ^ ^ ^ whole bar over it\ normal 


^MM' 


20M.®|=20M.. 


T 


( 1 ) 


«+OM’ 

poraturfr aLve “he' change in the length of the componnd bar for a tem- 

Uty, which this 

V~20M 


v> 


n + OM 


(2) 


'« - 


Ti =Tj +< 


(3) 


Ibelow amouxits which cantiot have any seLible effect on ® contraction and deflection 

tongue from the peSrdii 

of tte ineliiL^ « and at the lower the angle of convergence is The 'effect on tTio ifv, higher limit the angle of 

Of the mcluded portion of the tongue in it% deflected positions at tLe wo^^K 
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BQ that the half length of the compound bar is now 


PM'' = PM + MM' + M'M" 

in which equation 

= {i) 

C F m--n ^ ^ 

and 

MM' = |^T, (5) 

Putting B for the normal length of the compound bar, and B' for its actual length then, 

B' "B !3= t, + 17P, . . . 

m — n ° 


Now the changes in length can only be ascertained by comparing the compound bar with 
a standard bar; and when the standard is at some other temperature than the normal tempera- 
ture, the result will be affected by the error in the adopted value of the expansion of the 
standard ; this error must therefore be recognized^ 

Let A be the length of the standard at 62° F, A' its length at the temperature ^ -f 62\ 
its actual expansion for 1° of temperature, while the adopted value thereof is having an 
error dU'^, so that 


then 


A'-A = T„(E', -dE',) . .. 


{ 7 } 


■ ( 8 ) 


Finally putting X = B — • A, or the excess of the normal length of the compensation bar 
over the normal length of the standard, and putting for the adopted value of the expansion 
of the iron component, and de'- for the error of that value, we get from equations (6) and (8) 


X = B'- A' -(«'j iE'J T.. ...... (9) 

Thus it is evident that in order to determine the normal relations of the compensation bar 
and the standard) from comparisons made at any (known) temperatures other than the normal 
temperature, it is necessary to know the expansion not only of the standard but of one of the two 
components of the bar, also the error of compensation, and the distances of the compensation points 
from the two components ; and it appears to be more particularly necessary that the difference 
of temperature of the components should be accurately known, because it alters the length 
of the compound bar by about three times the amount that a simple bar of iron would be altered 
by an equal change of temperature. 
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4 :« 


The data for the investigation of the changes in length of the Indian compensation bars, 

relatively to the length of the \ 0 -feet standard A. 

The operations which have been performed for the determination of the thermal expansion 
of the 10-feet standard A, have been fully described in sections 2, 3 , and 4 of Chapter 11, and 
the results thereof are set forth in section 8 of the same chapter. It will seen that the original 
value of the expansion, or , was = 2,2-67 an increment of temperature of 1° Fahrenheit, 
this value being determined from the measured increment between the temperatures of 76 “ and 
212°, at Calcutta, in 1832 . 

It will also be seen that the most probable value of , the error of E'^ , must be ascer- 
tained by subtracting from 22-67 the value of the expansion of the standard for the mean tem- 
perature of the observations, which is given in the second table of section 8. 

The distances of the dots on the tongues of the compound bars, from the axes of the 
pins by which the tongues are fixed to the brass and the iron components, have been recently 
measured very carefully, with the following results ; it is necessary however to premise that 
whenever the bars have to be manipulated, whether in the measurement of a base-line, or in 
the comparisons with the standard, the observers invariably occupy a position behind the brass 
component, or on the side of the bar opposite to that from which the tongues project, and thus 
the compensation point which is on the right hand, when the observer is facing in the direction 
that the tongues are pointing, is usually called the ‘ right dot’, and the other the ‘ left dot’. 


Distances, in inches, of the dots on the tongues from the axes of the brass and the 

iron components. 


B AK. 

Brass Components. 

Iron Components. 

Right. 

Left. 

Mean. 

Right. 

Left. 

Mean. 

A 

B 

C 

D 

E 

H 

Mem of bars. 

5-176 

5 'm 

5-178 

5-178 

5-180 

5*173 

5 * 1^5 

5-172 

5-180 

5-162 

5-167 

5*179 

5-171 

5-176 

5-179 

5-170 

5-174 

5-176 

5*174 

3-369 

3*370 

3-370 

3-377 

3-374 

3*374 

3-364 

3*371 

3-366 

3-354 

3-365 

3*370 

3-367 

3-371 

3-368 

3-366 

3 ' 37 o 

3-372 

3-369 
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The close agreement between the corresponding distances for each of the bars, would 
indicate that the compensation points of one bar were first fixed by repeated trials, and that 
then those of the other bars were laid off at the same distances from the respective components ; 
but in the passage quoted at page 57, Colonel Everest expressly states that the operation of 
determining the positions of the points “ was repeated several times on each compensation bar”. 
It is therefore highly probable that the materials of which the respective components of the bars 
were constructed must have been very similar ; and this is corroborated by the circumstance that 
the hourly variations between the lengths of the compensation bars and the standard, during 
the course of the daily comparisons, have invariably been found to be much the same for each 
of the bars, as will be seen to be the case in the curves of the excess of each of the bars over 
the standard, at the Cape Comorin base-line, which are indicated in plates I to XVI. 

# 

The expansion of the wrought iron components has never been determined, but ag 
these bars were constructed at the same time as the standard bar — which is also of wrought 
iron — and by the same makers, it is probable that they were made of very similar metal, and 
consequently we may assume that their expansion is, practically, identical with that of the 
standard, and may therefore be considered = 

There were no means of ascertaining the actual temperatures of the components of the 
compensation bars at either of the nine base-lines which were first measured ; but before the 
measurement of the last base— the one at Cape Comorin — ^two wells were sunk, to a depth of 
Jths of an inch, into each of the components of the bar B, at a distance of two inches outside 
the points of support, in order to receive the bulbs of the thermometers which were required 
to indicate the temperatures. As very delicate thermometers were needed for this purpose, 
and the available number of such thermometers was limited, no arrangements were made for 
determining the temperatures of the components of the five remaining bars, which were assum- 
ed to be identical with those of the bar B. Prom what has been already stated regarding the 
similarity of the hourly curves of the excess of each of the bars over the standard, it is obvious 
that any one of them may be taken as a fair representative of the others, and the bar B was 
selected for this purpose. 

These are the data which are forthcoming for the solution of equation (9); but it is 
still necessary to determine the error of compensation, \ for which no special investigations 
have been made ; the value of this error must therefore be deduced from the equations of con- 
dition which are furnished by the numerous comparisons of bar B with the standard, at the Capo 
Comorin base-line. 
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CHAPTEE VIII. 


Investigation of the 'prohalle errors of the Cape Comorin hase-line. 



Ike fimtuations of the compensation lars found to be due to the relative positions — with regard to 
external thermal influences-— ‘rather than to the respective thermal capacities, of the brass 

and the iron components. 

Thermometers were attached to tlie compensation bar B, for the reasons already stated 
at Bangalore, during the interval between the measurements of the base-lines at that place, and 
at Cape Comorin. After the arrangements were completed, the bar was placed in an open 
verandah, on the north side of a house — ^where it was sheltered from the direct rays of the 
sun— and hourly readings of the thermometers were made throughout the day and night, in 
order to ascertain the differences of temperature of the brass and the iron components. 

Happily it occurred to Captain Herschel, who was conducting these investigations, to 
reverse the bar, on the second day, so that the component which had been on the inner side 
of the verandah, or that nearest to the wall, became transferred to the opposite side, the bar 
remaining at much the same distance as formerly — about three feet — from the wall. It was then 
found that the relative temperature of the components was reversed, the one which had been 
hottest at a certain hour of the first day, being coldest at the same hour of the next day ; 
evidently one of the components was acquiring or parting with heat more rapidly than the 
other, not so much in consequence of it’s thermal capacity, as in consequence of it’s position 
relatively to the wall and to the open air. So far as could be gathered from the evidence of two 
days observations, the influence of the thermal capacities of the two components, in causing 
differences of temperature, appeared to be insignificant in comparison with that of the positions 
of the components relatively to external objects ; in fact it now appears that the operations 
performed by the makers of the apparatus, with a view to equalizing the thermal capacities of 
the two components of this bar, which have been described in the preceding chapter, have 
been very fairly successful, and that the observed thermal inequalities are due— for the most 
part— to external circumstances. 

This discovery of Captain Herschel’s is of much significance, and has helped to 
tmravel some of the perplexities which the fluctuations in the lengths of the bars had previously 
presented. It indicates that these fluctuations must be contingent on the positions of the bars 
relatively to the sun, and to prevailing winds, during the comparisons, and consequently that 
they are functions of the azimuths of the base-lines, for the bars and standards are, as a rule, 
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placed parallel to the line during the comparisons. Thus maxima and minima values will be 
obtained at base-lines when the direction is east and west — maxima when the tongues are 
pointing to the south, minima when pointing to the north — and intermediate values will be 
obtained at base lines of which the direction is meridional, whether the tongues are pointing to 
the east or to the west. 

Of all the external influences which are liable to affect the lengths of the bars, that of 
the sun is, in India, the most important ; every precaution is therefore taken to prevent the 
rays of the sun from falling directly on the bars, during the measurements, and the comparisons. 
It is necessary to roll up the cloths of the tents on the side towards which the tongues of the com- 
pensation bars are pointing, in order to obtain suiScient light for the operations ; thus the base- 
lines have usually been given an east-and-westerly direction, and have been measured with the 
tongues of the bars pointing to the north ; for then, by closing the tent cloths towards the sun 
and opening those in the opposite direction, operations may be commenced at sunrise, whereas 
otherwise they cannot be begun until an hour or two later. 



Preliminary arrangements ; programme of operations. 

In the vicinity of Cape Comorin it was found impossible to obtain suitable ground for 
a base-line in any direction approaching that of east and west ; the configuration of the coast- 
line, the off-shoots of the great range of hills which, trending southwards from the parallel of 
21°, terminate at the Cape, and the numerous groves of valuable palmyra trees by which the 
surface of the country is covered, combined to render the selection of a suitatile line a very 
difficult matter, and eventually necessitated the adoption of one running almost exactly north and 
south. The line was to be divided into three sections of which the central section only was to be 
measured, while the length of the whole was to be determined by triangulation, on both flanks, 
from the measured section ; in order therefore that the accuracy of the whole should not be 
inferior to what would* have been obtained had the entire length been measured, it was necessary 
that the ground should be generally as favorable as if the entire length were to be measured. 
The actual arrangements were in fact very similar to those of all the other base-lines, but with 
this difference, that whereas formerly the triangulation served the purpose of verifying the linear 
measurements, by affording comparisons of the relative lengths of the sections, it was now 
needed to determine the length of the entire line, while the linear measurements would be veri- 
fied by repetitions. 

The object which was contemplated was not so much the measuring the base with very 
great accuracy, as ascertaining the errors to which base-lines measured with the apparatus are 
liable; this was to be effected by two methods of investigation, m., by comparing the results 
of four independent measurements of the base, and by determining the magnitudes of the errors 
which may possibly occur in each of the several processes of the operations, 
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The facts which had been recently ascertained regarding the thermal inequalities of 
the brass and the iron components of the compensation bars, indicated the propriety of revers- 
ing the positions of the components, after each measurement, in order to obtain a measure of 
the differences due to position. Thus, the direction of the line being almost exactly north and 
south, two measurements were made with the brass component occupying a position to the east 
.of the iron, and the two other measurements with the brass component to the west. In order 
that the four measures might be strictly independent, the compensation bars were compared 
with the standard throughout the two days immediately preceding and following each measure- 
ment, with the components holding the same relative position to each other that they were to hold 
or had held during the measurement. Thus each measurement may be reduced singly, in terms of 
the lengths of the bars which were obtained from the comparisons immediately before and after it, 
and, as at all previous base-lines, without taking any cognizance of the differences between the 
circumstances of the comparisons and those of the measurement ; and the several measurements 
may be reduced collectively, in terms of the mean lengths of the bars as determined from the 
whole of the comparisons, and with due recognition of the effects of the thermal inequalities 
and the imperfect compensation of the components, as indicated by the representative bar B. 

The order of procedure will be clearly gathered from the following table, in which the 
numerals I, II, III, IV, distinguish the respective measurements, and the numerals 1, 2, 3, 4 
indicate the days of comparison before and after each measurement. 


Brass Components West. 

Brass Components East. 

Day of 1869. 

Operation. 

Day of 1869. 

Operation. 

. 

^ January 9 

Comparisons 

1, 1. 

J annary 28. 

Comparisons 

II, 1. 

„ 11 


I, 3. 

„ 29. 

77 

11, 2. 

„ 13 to 34 

Measurement 

I. 

Jan. 30 to Feb. 9. 

Measurement 

11. 

» 25 

Comparisons 

I, 3. 

February 10. 

Comparisons 

11,3. 

„ 26 


I, 4. 

„ 11. 

77 

11,4. 

February 12 

Comparisons 

Ill, 1. 

February 36. 

Comparisons 

IV, 1. 

' „ 13 

?> 

in, 3. 

„ 27. 

77 

IV, 2. 

14 to 33 

Measurement III. 

Feb. 38 to March 8. 

Measurement IV. 

pp 24 

Comparisons 

Ill, 3. 

March 9. 

Comparisons 

IV, 3. 

,, 25 

73 

Ill, 4. 

„ 10. 


IV, 4. 
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The length of the base was 141 entire sets of six bars and seven microscopes, a set 
of three bars and four microscopes, minus a distance of about 31 inches which was measured 
with a beam compass. Stones were sunk at the end of the 35th, 70th, and 105th entire sets 
of bars and microscopes, from the north end of the line, carrying brass plates on which marks 
were enf>'raved under the extremities of the sets, as each successive measurement passed over the 
stones ; the distances of these marks—in the direction of the measurement and at right angles 
to that direction— from an arbitrary point of reference on each plate, which was used as an 
origin of co-ordinates, were subsequently measured. 

These points are designated X, Y, and Z in the following record, in which the values of 
the four measurements of the parts North-end to X, X to Y, Y to Z, and Z to South-end, are given 
as an additional indication of the errors of the operations to that which is afforded by the 
measurements of the whole length. The partial measures are designated as follows, the, 
numerals corresponding to the number of the measurement ; 


I 

N X 

I XY 

I YZ 

I zs 

II 

J? 

II » 

II „ 

II „ 

III 


III » 

III „ 

in „ 

IV 

35 

IV „ 

IV „ 

IV „ 


3 . 

Formation of the equations of conditions for determining the relative length of the compensation 

bar B to the Standard. 


Equation (9) of the preceding chapter, indicates the form in which the equations of con- 
dition presented by the comparisons of the compensation bars with the standard may he 
o-enerally expressed. In order to guard against accidental gross errors in reading the heads of 
^he comparing microscopes, and in recording the results, it is customary to employ three assist- 
ants to register all the observations independently, and to require them to make a preliminary 
calculation of the reduction of the relative lengths of the bars and the standard, at the temperatures 
of observation, to the corresponding normal lengths at the temperature of 62“ F. At the Gap© 
Comorin base these provisional calculations were made subservient to the final reductions, in 
the following manner. 

Equation (9) may be written thus 

K = (B' - A' + B. . T.) i ^ - -J. T. - T, 

Now B' - A' is directly obtained from the comparisons in terms’ of the divisions of the com- 
paring micrometers j and as the runs of these micrometers are known, or the adopted value 
of the linear expansion of the standard, — the value originally determined in Calcutta in. 1832— 
may he expressed in micrometer divisions. If this is done, and we put 

( 10 ) 
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d' will be a preliminary value of the excess of the bar over the normal length of the standard — 
expressed in micrometer divisions — which is imcorrected for the difference of temperature of 
the brass and iron components, and for the error of compensation, and the errors of the adopted 
co-eiSeients of expansion of the standard and of the iron component. 

The values oix'' for everj comparison of each bar with the standard, will be found in 
the detailed description of the operations of this base-line ; they are also graphically exhibited 
by curves in plates I to XYI at the end of this volume, each plate representing one day’s results, 
on scales of micrometer divisions and millionths of a yard. 

Thus we obtain the equation 


X = X 


(ri; 


■dd,)i~ 
* m 


m 


T. 


n 


a a 



We are obliged to assume Cp the linear expansion of the iron component, to be equal to 
that of the standard bar A ; though the erpiations of condition afforded by the comparisons are 
upwards of three hundred in number, the co-efficients of e-^ are invariably so small that a reliable 
value of this qucesUum cannot be obtained by treating it as an unknown quantity to be deduced 
from these equations ; moreover the assumed value has been ascertained to be probably much 
nearer the truth than the value which would be given by the equations. Putting e'^ = and de'^ 
“ expressing in micrometer divisions, and substituting for m and» their corresponding 
numerical values, equation (11) becomes 

X — x' — 5r4 ^ ~ Tj — (T^ — 3-9 f) 

If now we put 

.ri = x' — ............... (12) 

x' will be a second preliminary value — expressed in micrometer divisions— -of the excess of the 
bar over the normal length of the standard, corrected for the difference of temperature of the 
brass and iron components, but uncorrected for the errors of compensation and of the adopted 
co-efficient ot expansion of the standard. This second approximation to the true value of x 
was made in order that the fluctuations in the lengths of the compensation bars which were 
due to the differences of temperature of their components, might be clearly indicated. Thus 
we arrive finally at the following equation, 

= (T„-r 9 f)dE', . . . ... ...... (13) 

in which the symbol which expresses the error of the old value of the expansion of the 
standard, has been retained, partly because the operations for re-determining the value of the 
expansion had not been commenced when the calculations for the reduction of the observations 
at this base-line were being carried on, and partly in order that any person who may object to 
the grounds 01 ^ which the values in the tables at page (19) have been adopted, may have the 
means of readily substituting any other value which may be deemed preferable. 
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Dctermimtion of the error of coinpensatim of lar B. 

By taking the mean of n equations of the fom of (13), a-nd suhtracfcing it in succession 
from each of the n equations, x is eliminated, and n equations are obtained of the following 
form 

= (T„ - 3 - 9 0 . ( 14 ) 

The equations thus formed for the determination of v have been considered as of equal weight, 
and solved by the method of minimum squares. In order to indicate the errors to which the 
results are liable, the equations have been divided into eight distinct and independent groups, 
each containing the comparisons of the two days immediately preceding or following the 
successive measurements of the base ; — the normal equations thus obtained have been solved 
independently, and then added togetlier to give the equation from which the most probable 
value of V is obtained. The results are as follows, 


Comparisons. 

Normal equations in 17, in 
micrometer divisions. 

Values of ri in divisions, dE' being 
= 0-68 division. 

Distingixishhig 

numerals. 

Number. 

I, 1 and I, 2 

33 

^23 ^ = 595 - 519 

d 

Tf] =s r -0 — o’8 dE'^ — o'3 

I, 3 „ I, 4 

39 

734 » = 470 - 59^ 

„ = 0-6 — o'8 „ = o'l 

11,1 „ 11,2 

39 

646 „ = 654 - 576 

„=ro-o-9 „ =0*4 

11,3 „ 11,4 

40 

936 „ - 1443 - 878 „ 

„ = r5-o‘9 „ =0-9 

III, 1 „ HI, 2 

40 

640 „ = 1196 — 673 „ 

„=r9 — i-o „ = i '3 

III, 3 „ 111,4 

40 

840 „ = 1833 ~ 840 „ 

„ = 3 - 3 -ro „ = r 5 

IV, 1 „ IV, 2 

40 

731 „ = 969 - 634 „ 

„ = 1*3 - o'9 „ = 07 

IV, 3 „ IV, 4 

40 

n 9 n= 843-637 „ 

„ = 1*3 ■— o'9 „ = 0-6 

All 

311 

5869 V = 8013 - 5343 „ 

v-r3>j-o'gi„ =075 


Considering the difficulties which attend investigations of this nature, when the observations 
are necessarily taken under changing temperatures, and the exact temperatures axe probably 
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tiover indicated by the tbermometers, excepting at the maxima and minima, these determina- 
tions are as satisfactory as can be expected, and the final result is worthy of confidence ; ex- 
pressing this result in inches and in millionths of a yard, 

= -000,034,4 inch = 0-96 millionths of a yard 5 
this value of n was used in the reductions of the Cape Comorin base-line. 

An independent value was subsequently obtained from comparisons of bar B with the 
iO-feet (steel) Standard |^, which were made in Behra Boon in May 1869 , after the return of 
the base-line apparatus from Cape Comorin ; the comparisons were taken early in the morning 
and late in the afternoon, at maxima and minima temperatures, on four days, four comparisons 
being made on each occasion, and thermometers being used to determine the temperatures of 
the two components of bar B, as at the Cape base. 

The results are as follows 



u.y 

H* 54 n= 38*5 

whence 

m.y 

i) = 1*6 


24-25 7] = 28-5 


rj ~ Vi 


21-73 

?? 

V = 0*7 


18*25 rj = 17-4 


7} =: i-o 

ttos flnallsr 

88*77 rj = 100*2 


n = 1*13 


This result corroborates the one which was obtained at the Gape base-line very satis- 
factorily ; probably a more accurate determination of v could not be arrived at excepting by 
investigations under artificially sustained temperatures, with an- apparatus similar to those 
employed in determining the expansions of the standards of length of the Ordnance and the 
Indian Surveys, which have been described in Chapter It. 

It is evident that since the sign of v is positive, the har has been under compensated, or 
in other words, that it’s length increases with the temperature. 

The above results are further confirmed by the provisional determinations of the expan- 
sion of the standard from the comparisons with the compensation bars at eight base-lines, which 
are given on page ( 10 ). Those determinations were made on the assumption that the bars were 
truly compensated an assumption which is trow shown to he erroneous — and they exhibit the 
expansion of the standard mimes that of the bars, since the latter are found to be under com- 
pensated, and to increase in length as the temperature increases. If to the average value 
of the eight determinations, viz., ni'io M.y, the compensation error n = 1-03 — assumed to be 
the same for all the bars — is added, we get for the expansiou of the standard the value 22-15, 
which^ exceeds the probable value, 21*6), corresponding to the mean temperature (66°) of the 
base-lines, by 0*48 m.y, or only 2-2 percent of the actual expansion ; see page ( 19 ). Considering 
that there were no means of ascertaining the temperatures of the brass and iron components 
of the compensation bars at the said base-lmes> and that the errors in elaborate determinations 
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of tbe expansions of simple bars of metal are liable to exceed' tins percentage, when the tem- 
peratures cannot be controlled artificially, this result must be admitted to be very fairly corrobo- 
rative of the others,* 

Referring to equation ( 2 ) and tbe figure at page (58), it will be seen that the position of 
M, the mark on the tongue, fails between the true point of compensation and tbe bars, at a 
distance 

n 

OM = V 

Whence, since n = 3*4 inches, = ar 8 and ’j = ro m-i/, 

OM = -o 8 mch. 


5 . 

Determination of the normal excess of tlie mean of all the compensation bars over the 
standard at 62° F; probable errors; ther?7iometrle eirors. 

For the reasons wdiich liave been already set forth in section 4 of the preceding chapter, 
tbe compensation bar B is assumed to be, in all respects but length, a representative of the other 
bars ; or in other words, the recorded temperatures of it’s components are considered to be the 
same — ^under like conditions and at the same times — as the mean temperatures of the correspond- 
ing components of the whole of the bars, the materials of which the respective components are 
composed are supposed to be similar, and the mean compensation error is assumed to be the 
same as that which has been determined for B. 

With these assumptions, if w'-e employ the symbols X, X' and X" to represent, for the 
mean of the bars, the excesses over the normal length of the standard which have hitherto been 
represented by the symbols x, x', and x", for the bar B, we get by equations (10) to (13) the 
following equations, in which the numerals are expressed in micrometer divisions. 


Mean of the actual length of tbe 
six bars at tbe time of observation 


A' + E' . T 


X' = X''-3i-4f • • • 

5 1‘4 ^ Bi —Ha dWa + 2'9 1 dd{ 


(15) 

(16) 
(17) 


Thus X" corresponds to tbe excess of tbe mean of the bars over the standard which, 
at all previous base-lines, was computed with tbe old co-efficient of expansion of the standard 
—determined in Calcutta in 1832 — and was adopted as final, tbe thermal inequalities of the 
component bars and the errors of compensation being assumed to be eliminated by the simi- 
larity of circumstances during the comparisons and the measurements. The equations which 


^ The operations at Oalcuttaj Atfcoct and KaraoM most closely corroborate tlie recent resultH, and they happen, in point of fact, to 
be tlie most reliable for tlie iimstigation ; for at Calcutta the comparisons were made in a bizildmg, where tho bare would bo leas 
exposed to the sun’s influonce than in tents, at Karachi the direction of the lino was nearly meridionah and at Attock the positions of the 
bars were rerersod during the operatioM. 
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give the numerical values of X" will be found in the detailed description of each base-line, 
and, for the Cape Comorin base, these values, as well as those of the corresponding excesses of 
each of the bars over the standard, are graphically delineated also on plates I to X VI. On the 
following plates, XVII to XXXII, the mean excess X" is repeated, and X', the mean excess 
corrected for temperature only, and X, the mean excess finally corrected, are shown. 

These curves indicate that the positions of the components relatively to the sun, materi- 
ally influences the length of the compensation bar ; thus as a rule when the brass component was 
to the west, the length of the bar increased from 7 a.m. to 9 i a.m., and then decreased until 
noon — at which time the sun arrived in tlie azimuth of the line — and the converse happened dur- 
ing the same hours when the brass component was to the east. There are occasional exceptions 
to the rule, and days on which the bars maintained a nearly constant length for several hours 
after sun-rise ; but these exceptions tend to confirm the rule, as it can almost always be shown 
that, when they occured, the sky was more or less laden with clouds, which must have had the 
effect of diffusing the heat of the sun, and preventing it from striking more on one of the com- 
ponents than on the other. The influence of the sun and of winds on tiie temperatures of the 
bars will be examined hereafter and therefore need not be further alluded to in this place. 

The curves in plates XVII to XXXII indicate that the several corrections which have been 
applied have considerably diminished the magnitude of the discordances between observations 
taken at different hours of the day ; the mean of the extreme daily ranges of the values of 
X" and of X, for the comparisons before and after each measurement, are as follows : 



I 

II 

III 

TY 

Mean 


m.y 

m.y 


m.y 

m.if 

X" 

40-9 

6o’i 

a 1*6 

66-8 

47*4 

X 

i6’4 

14-9 


13*8 

i6‘4 


The results of 14 days comparisons are materially improved, but those of two days 
(comp. III. 3 and III. 4 ) are slightly deteriorated. 

The probable error of the comparisons of the mean of the bars with the standard, as 
leduced from the squares of the differences between single values and the mean of all, are as 
follows : 

for X", probable error of 'a single value == ± i 3’5 
„ „ mean of 311 values = db 077 

for X „ a single value = db 47 

„ „ mean of 311 values = ± o'nj 

It may be observed that the probable error of a single determination of the relative 
length of the bar B to the mean of all the compensation bars— under like conditions— is only 
i !Z*4 m.y, a quantity of which the magnitude is much the same as that of the probable eiTor 
of a single determination of the relative lengths of the 10-feet standards, the details of which 
are given in appendix No. 3 ; as the bars were compared in tents during varying temperatures, 
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and under fai less favorable circumstances than the standards — which were compared in a sub- 
stantial building, and when the temperatures were steady — the smallness of this probable error 

tends to corroborate wbat has been previously stated regarding the similarity of the bars to each 

other in all essential respects. 

These probable errors, it should be stated, in all instances include the personal equations 
of several observers ; for the observations were invariably taken by a number of persons, in order 
that the constant errors which arise from personality might be neutralized as far as possible, 
deferring to page ( 23 ) it will be seen that the probable personal error in the comparisons of 
ong bare, when two observers are employed— one at each of the microscopes — ^is as much as 
±i7w.y. 

The mean values of X, the normal excess of the mean of the compensation bars over 
the standard, at the temperature of 62 “^; as deduced from the comparisons before and after 
each measurement, and from the whole of the comparisons, are as follows, the adopted value 
of V being 075 mier. div. and of 0-684 div. and i div. being = 



X 

= X" 

— 

51-4/- 

Tj. 

. T 7 - 

T 


+ 2-9 

1 1 de'i 

d 

161-3 = 


I 


= 206-3 

— 

18-0 — 

19-8 

V — 

18-8 


+ i-o 

de \ = 

m.y 

2o6-b 

II 

Xg 

= 188-5 

+ 

6-0 ~ 

22-8 


21-5 

77 

- 0-3 

77 “ 

162-5 = 

207-5 

III 

Xfi 

= 189-2 

+ 

12-3 - 

23-0 


21-7 

77 

- 0-7 

77 ^ 

169-0 = 

215-8 

IV 

X,j 

= 195-8 

+ 

4-3 - 

25-0 

7 ) 

23-4 

77 

— 0-2 

77 ~ 

165-3 == 

2 II-I 

Mean, 01 

■X 

= 195-0 

+ 

i-i _ 

22-6 

37 

21-3 

77 

— o-i 


164-5 == 

2 I 0 -I 


If the probable error of the final result, viz. the general mean, is computed from the 
squares of the differences between the mean of all and the values respectively correspondin'^- 
to the different measurements, it is found to be ® 

mjy 

p.e of mean mlw c/ X = ± 1-47 

The magnitude of this value of the probable error is nearly six times that of the value 
( db 0-27 m.y ) which was obtained from the differences between single values of X and the 
mean of all, thus^ indicating the presence of, certain uneliminated errors, constant in each 
group of comparisons, but varying in different groups. These errors probably arise from the 
state of the weather, the alternations between cloud and sunshine, and the direction of the 
prevailing winds, on the days when the comparisons were made; there is evidence to show that 
during the comparisons appertaining to measurement No. Ill-the result of which differs most 
materially, and exceeds the mean of the three others by 7-6 m.y—i\iQ weather differed materially 
from what it was during the other comparisons, as will be noticed further on in the section on 
the thermal inequalities of the compensation bars during the operations. Now the degree of 
accuracy with which the thermometers indicate the temperatures of the bars and the standard is 
considerably influenced by the diurnal changes of temperature, which again depend on the state 
of the weather; when the diurnal temperature is uniformly progressive from a minimum to a 
maximum, as during a day of continuous sunshine, the temperatures of the thermometers lao- 
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behind and are always less than those of the bars ; but when the diurnal temperatures fluctu- 
ate, and have several maxima and minima, as during a day of alternate cloud and sunshine,: 
the thermometers are sometimes in defect and sometimes in excess of the temperatures of the 
bars, and thus there is less constancy of error. ' 

It is not improbable that the observations of the standard are more influenced by this 
circumstance than those of the compensation bar B, for if the thermometers on both the com- 
ponents of this bar kg equally behind the true temperatures, the difference of temperature 
will be correctly indicated, which is the chief desidei’atum, as the absolute temperature of the 
compensation bar is unimportant, and does not require to be known with great accuracy. 

But the absolute temperature of the standard is most important; at pages ( 7 ) and ( 8 ) 
instances are cited in which thermometers attaclied to standard bars are- shown to have been 
lagging to an extent of about o°'3 F behind the temperatures of the bars and that under most 
favorable circumstances, when the temperatures, were changing very slowly ; a similar amount 
of lagging during comparisons 1 , 11 , and IV, in excess of wliat obtained at III, would suffice 
to explain the differences between the results on those occasions, and there is thus some pm- 
bahility that the exceptionally large value for III is in reality more correct than the other 
value®. 


G. 

Determination of the actual lengths of the compensation bars during the measurements. 

If we put oL for the actual length of the (mean of all the) compensation bars at the 
time of any observation, /r,,. for the corresponding temperature of the brass component and 
J for the difference of temperature of the two components at that time, we get, as in equa- 
tion ( 6 ) 

_ (A + X) = (/i - ^ A . 

4 ■ ■ 

or 0^ — A = X + 51-4 ^ dd',-, ......... ( 18 ) 

Now the temperatures of both the components of the compensation bar B were observed when 
each ‘set’ was measured, and we have thus as many values of f and of /Cj as the number of 
sets; putting r for this number, then the corresponding mean actual length of the (mean of all 
the) bars during the measurement of r sets will he 

Eil _A=X-f- 51-4^1 4 - - ( 19 ) 

The symbolical and the concluded numerical values of X have already been given on the pre- 
ceding page, and it will be desirable to operate with the former, in order to obtain a measure 
of the effects which any differences between the temperatures and other eircumstanees of 
the 'measurements^ and those which prevailed during the comparisons,, are liable to produce ; 
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thus, substituting accordingly for X, and putting L = — we get 

L — A = X" + 5^‘4 (-^ + + (— ^ — 2i2,'6^ -q — 21*3 d'El^ — ^2*9 — 0 


•i) de\ (20) 


Thus the following values of the mean length of the brass are obtained for the several measure- 
ments of each section of the base-line, the sections being indicated as set forth on page ( 65 ) 



Thus the fluctuations in the actual lengths of the (mean of all the) compensation bars have 
an extreme range of 22'3 m.y ; they represent the effects of the differences between the circum- 
stances of the measurements and those of the comparisons with the standard, and it will be seen 
that the most important of these effects is traceable to the thermal inequalities of the bars, the 
influence of the compensation error being comparatively small, while that of the uncertainty in 
the adopted value of the expansion of the iron components is still less and is quite insignificant. 
It will also be noticed that the fluctuations of the mean bar-length are less influenced by the 
relative positions of the brass and the iron components than by the differences between the 
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circumstances of the comparisons and the measurements, as might be expected from the meri» 
dional direction of the line. 

At all the other base-lines which have been measured with this apparatus, the influence 
of the error of compensation would probably be less than at this base, for it depends on the 
difference between tlie actual and the normal temperature, which was about 12° greater on 
an average at this than at any other base ; on the other hand the differences beWeen the 
thermal inequalities of the components of the bars, during the measurements and the compari- 
sons, may have been greater at other base-lines, for the diurnal ranges of temperature and the 
vicissitudes of climate have occasionally been greater than tliey were at this base. 


7 . 

Determination of the lengths of the compensation microscopes during the measurement; 

probable errors 

The lengths have been derived from comparisons of the microscopes with their scales at 
various stages of the operations, generally before, after and at the middle of each measurement 
The comparisons will be found in tlie detailed account of tlie operations, and their results will be 
given in the next section ; thus in this place it is only necessary to indicate tlie manner in which 
the microscope lengths are determined, and their probable errors ascertained. 

The compensation microscopes are the least satistac tory portion of the apparatus, and 
are fai more liable than the compensation bars to accidental changes in length. Jt is scarcely 
possible to adjust a side telescope to parallelism with the microscope components, without 
altering the distance between the external foci of the latter, and thus disturbing what ’is called 
the length of the microscope ; consequently after every such adjustment the instrument has to 
be compaied with a 6-inch scale, and comparisons must be made at the successive stao'es of 

the operations before correcting this adjustment, should it be necessary to do so, which '"some- 
times happens. 

The mean value of the length of a microscope, as determined from the comparisons be- 
fore and after the measurement of any portion of the line, during winch the microscope has not 
been adjusted or intentionally altered in length, is considered to be the length of the micros- 
cope for that portion of the measurement 

’'n ' ■ errors of these lengths are deduced from the differences of the values 

obtained at successive comparisons— between which there has not been any adjustment or in- 
tentional alteration — by the usual formula 

p. 6 of a single determination = a/ 

V n—tti 


scale. 


• of . .riU. it’. 
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n being the number of single determinations, and m the number of groups of such determina- 
tions. Assuming the probable error to be the same for all the microscopes, at this base-line, 

the p. e of a single determination = ± 4*8 mp 

thus, with three determinations at equal intervals, the probable error of the length measured by 
the microscopes, in Asets of measures — each containing live entire and two half microscope 
lengths, as is usual — will be 

± 4-8 ± 6’5 a mp 


8 . 

Determination of the length of the km-line, allowing for the effects of the thermal inequalities and 

the imperfect compensation of the bars ; probable errors. 

The length of a base-line measured with this apparatus is the sura of the bar lengths 
and the microscope lengths, ± a short terminal length which has to be measured with a beam 


compass. 

Combining all these lengths together, the results of the operations are as follows ; 


Measurement. 

Position of 
brass compo- 
nents. 

Measured lengths 

expressed in 

MET OP STANDARD A 

With the com- 
pensation 
bars. 

With the 
compensation 
microscopes. 

With the beam 
compass. 

Total. 

Mean. 

N X 

I 

West 

^ a 1 00" 1 506 

io5'oi62 

-1- 0-0142 

2205-1810 


n 

II 

East 

•1468 

-0193 

-f- 0-0209 

-1870 



in 

West 

*1454 

-0187 

+ 0-0159 

•1800 


>} 

IV 

East 

•1555 

'0244 

■+■ 0-0069 

•1868 

2205-1837 

XY 

i 

West 

2100-1532 

105-0166 

— 0-0056 

2205-1642 



II 


•1438 

•0193 

— 0-0027 

‘1604 


3 ) 

III 

West 

•1463 

-0187 

— 0-0031 

•1619 


33 

IV 

East 

‘1443 

•0236 

— 0-0060 

•1619 

2205-1621 

YZ 

I 

West 

2100-1555 

105-0170 

- o'oo 33 

2205-1692 


33 

II 

East 

-1414 

•0193 

+ 0-0042 

*1649 


33 

III 

West 

*1471 

•0187 

+ 0-0028 

•1686 


33 

IV 

East 

•1472 

•0232 

— 0-0042 

*1662 

2205-1672 

ZS 

I 

West 

2190-1573 

109-5178 

— 2-5969 

2297-0782 


33 

II ■ 

East 

•1534 

-5202 

— 2*6003 

•0733 . 


33 

III 

West 

•1494 

•5182 

■— 2*5889 

•0787 


33 

IV 

East 

•1588 

•5242 

-t 2-6036 

•0794 

2297-0774 

N S- 

I 

West 

8490-6166 

424-5676 

— 2-5916 

8912-5926 ^ 


33 

II 

East 

•5854 

-5781 

- 2-5779 

■ '5856 : 

1 

33 

III 

West 

•5882 

*5743 

-»'5733 

•589a 


33 

IV 

East 

-6058 

•5954 

— 2-6069 , 

*5943 

8912*5904 

, ^ 
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In the three Sections NX, XY and YZ the distances which were measured with the 
compensation bars are equivalent to the actual lengths of 35 entire sets of the six bars, and 
will be found by multiplying the mean lengths given in the table in section (6) by 210 ; the 
corresponding distances in the section ZS, are equivalent to the actual lengths of 36 entire 
sets and of 1 half set of bars, and will be found by multiplying the mean lengths in that table by 
6 X 36 -+• 3 = 219, and applying a correction of — *0003 of a foot to the results, to allow for the 
difference of the mean length of the three bars of the half set from that of the entire set of bars. 

The reductions of the distances which were measured with the compensation micros- 
copes, and the short terminal lengths measured with a beam compass, are given in the detailed 
account of the operations. 

If the probable errors of the preceding results are determined from the squares of the 
differences between each result and the mean of the group to which it appertains, they will 
be as follows — 

p. of a single measurement 1 _ 4. / •ooo'o8425 

of any section J ' v i<5~4 

= Jt: ‘ooiS (of a foot) 

jt?. <3 of a single measurement 1 _ 1 
of the entire length j ^ 

=: ^ ' 002,6 

whence, expressing the probable error in millionth-parts, of the distance measured, we ob- 
tain 

from the sections, p.e of a single measure 2= ± o-8 

from the entire length, „ „ = i 0*3 

9 . 

Determination of the length of the baseline by the mud method; probable errors. 

The values of or the several determinations of the normal excess of the mean 

of the compensation bars over the standard, from the comparisons before and after each measure- 
ment of the line, are expressed at page 71, by equations which indicate the influences of the 
thermal inequalities of the bar-components, the influences of the compensation errors, and those 
of the errors in the adopted values of expansion for the standard and the iron components. There 
are no means of determining the effects of any of these influences, with the exception of that of 
the error of the expansion of the standard, for the base-lines which have been previously mea- 
sured with this apparatus. If therefore the products of t, v and de'i in those equations are rejected, 
valuesof X1. . . .X4 will be obtained which will be analogous to those employed in the reduction of 
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all the previous base-lines. By using these values, the lengths of the several measurements of 
this base-line may be determined in the usual way, and thus some estimate of the average probable 
error of the other base-lines maybe formed. 


Excess of mean of bars over Standard. 


Mean length of all the 
bars in feet of A 


^ d jn/y 

Xj = 206-3 = i93‘4 = 247*0 

Xa = 188-5 - ^^1*5 » = 173*8 = 221-9 

Xg = 189-2 — 21-7 „ = 174-4 = 222-7 

Xt = 195*8 — 23-4 „ = 179-8 = 229-6 


10-000,740,7 

10-000,665,7 

10 - 000 , 668,0 

10-000,688,6 


whence, and with the microscope and the beam compass lengths given in the preceding section 
we get the following results ; ^ ’ 


Measurement. 

MuASITREI) LBN 0 TIIS EXPEBSSEl) IN FEET OF 

STANDARD A 

With the compensa- 
tion bars. 

With the microscopes 
and beam compass. 

Total. 

Mean. 

NX I 

„ II 
„ III 
,, IV 

3 IOO-X 555 

•1398 

*1403 

-1446 

105-0304 

-040a 

-0346 

-0313 

2205*1859 

-1800 

-1749 

■1759 

2205-1792 

XY I 

« n 

„ III 
« IV 

aioo-1555 

-1398 

*1403 

•1446 

105-01 10 
-0166 
*0156 
*0176 

2205-1665 

-1564 

■1559 

-1622 

2205-1603 

YZ I 

„ II 
„ III 
. IV 

2100-1555 

-1398 

•1403 

-1446 

105-0137 
-0235 
-0215 
-01 90 

2205-1692 

*1633 

-1618 

-1636 

2205-1645 

Z S I 

II 

„ in 

» IV 

2190-1619 

*1455 

-1460 

■1505 

106-9209 

-9199 

•9293 

*9206 

2297-0828 

-0654 

*0753 

'0711 

2297-0737 

NS I 

II 

« III 
« IV 

8490-6284 

•5649 

•5669 

*5843 

421-9760 
2-0002 ' 
2-0010 
1-9885 

8912-6044 

■5651 

-5679 

•5728 

8912-5776 
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Determining' the probable errors in the same way as in the preceding section, 


f.e of a single measurement 
of any section 


} = ±-67a/^^ 

== ± ‘0036 {of a foot ) 


p.e of a single measurement 
of the entire length 


} = ± -67 


and, expressing these quantities in millionth-parts of the distance measured, we obtain 
from the sections, of a single measure = ±1*6/14 

from the entire length, „ „ = ± 1*4 /* 


The difference between the mean values of the entire length by the two processes of 
deduction is -oiaS of a foot = 1-4 /x. 



Determination of the prolahh errors of each of the several operations of the hase-Une, and thence 

the prohable error of the measurement. 


At the end of this volume will be found a report, by Captain Basevi, on the Practical 
Errors of the measurement of this base-line. The errors therein discussed are those which arise 
from imperfect alignment and leveling of the compensation bars and microscopes, and those also 
which are liable to occur in intersecting the dots on the bars and the registers. It will be 
found on reference to Captain Basevi’s careful and elaborate investigations, that the combined 
effect of these errors, in a single measurement of the base-line, is probably = •oooi4± •00117 
of a foot, where the first term expresses the probable magnitude of the errors which are always 
positive, arising from inaccurate alignment and leveling, and the second term expresses the prob- 
able amount of all the several errors which may be either positive or negative. 

To this quantity it is necessary to add the probable errors which are due to the errors 
in the adopted values of the lengths of the compensation bars and microscopes. 

For the p.e of the mean length of the bars, we may accept the value ± 1*47 m.y, at 
page 71 ; and since the number of bar-lengths in the entire measurement was 849, 

my 

the p.e of the length by the bars = ± i ’47 x 849 

— ±.'00'^*] \ (of a foot); 

also since the number of sets of microscopes was 141*5, we get, from section 7, 

the p.e of the length measured V , 

by the microscopes |= ± 6'5o X 141-5 

'=■ ±.'000.^6 (of a foot) 
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Thus the entire probable error of a single measurement of the base is 

= '00014 ± + (*00374)^ + (‘00276)'* 

= *00014 dh *00479 

which, when expressed in millionth-parts of the distance measuredj is 

= 0*02 ± 0*5 

11 . 

On the oherved thermal inequalities of the components of compensation bar B, during the comparisons 
with the standard and during the measurement of the hase-line. 

The differences between the temperatures of the two components of compensation bar 
B, at the hours of 7 a.m. 10 a.m. 1 p.m. and 4 p.m. as obtained by interpolation from the 
thermometer readings near those times, during the entire course of the operations, are given 
in the following table, for each day of the comparisons "with the standard and of the measure- 
ments ; they are expressed as excesses, db> of the temperature of the iron component over that 
of the brass, or ^ = T^ — Tj, see equation ( 3 ), the plus sign showing that the iron bar was 
hottest, the minus sign that the brass bar was hottest. 

Brass Component West. 


First comparisons and 

MEASUREMENT. 

Third comparisons and 

MEASTOJ 2 MENT. 



Values of Tat 




Values of t at 


Day. 





Day. 





7 A.M. 

10 A.M. 

1 P.M. 

4 P.M. 

7 A.M. 

10 A.M. 

1 P.M. 

4 P.M. 




0 

0 

0 

0 

Feb. 12 

0 

0 

0 

0 

Jan. 9 

+ * 02 ' 

4 -19 

4 -39 

4 ‘32 

4 -12 

4- '21 

~ ‘32 

- *40 

11 

+ -08 

‘35 

•40 

■05 

13 

*21 

•04 

•37 

•23 

13 

— *02 

'«5 

*43 

"02 

15 

*17 

•28 

•08 

•52 

14 

— *02 

•36 

'44 

•23 

16 

'16 

'32 

•09 

•41 

15 

M « « • 

» • • # 

•19 

"21 

17 


•34 

•08 

•38 

16 

— *10 

•22 

■24 

*20 

18 

*II 

'30 

'23 

» * « « 

18 

+ '01 

"26 

■49 

•39 

19 

•08 

•3d 

*04 

‘32 

19 

4- ’01 

•18 

•30 

*07 

20 

•11 

*21 

*20 

'25 

'08 

20 

4 -08 

•24 

•55 

■29 

22 

•04 

4 - '27 

*23 

21 

4 -03 

•32 

•48 

•36 

24 

•04 

~ *34 

•55 

‘70 

22 

4 ‘01 

*12 

•25 

'33 

25 


~ *1(5 

*67 

•78 

23 

— *or 

•25 

*23 

4 p • • 






25 

4- *10 

•53 

*55 

*43 






26 

4- *10 

■5® 

•60 

‘35 


1 ■ 

! 



i 

1 

Means 

4 ’02 

4 ‘29 

4 * *4^ 

+ ’25 

Means 

4 ’ll 

4 - *17 

— *27 

' *41 
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Brass co mp onent East. 


Second compaeisons and 

MEAStTKEMENT. 

Fourth comparisons and 

MEASUKEMENT. 



Values of t at 




Values of t at 


Day. 





Day. 














7 A.M. 

10 A.M. 

1 P.M. 

4 P.M. 


7 a.m. 

10 A.M. 

1 P.M. 

4 P.M. 

Jan. 28 

0 

+ -01 

0 

— 'JO 

0 

- -35 

0 

+ '43 

Feb. 26 

0 

+ '01 

0 

- -23 

0 

— *10 

0 

4 " * 2^9 

29 

+ -10 

•23 

- *ii 3 

•40 

27 

+ ‘01 

— *16 

+ *04 

•37 

,‘J() 



+ -15 

- * » • 

Mar. 1 

*00 

”34 

+ '16 

'82 

Feb. 1 

‘o6 

•32 

+ ‘14 

•86 

2 

+ *04 

+ '01 

+ *29 

*50 

2 

* - -04 

•30 

+ -13 

•5a 

3 

— *02 

- -48 

+ *02 

•81 

tJ 


•30 

+ ' 1 % 

•53 

4 

4 - '04 

- -54 

+ '08 

• • • . 

4 

— “oa 

•61 

— - 1 % 

.... 

5 

4- ’06 

- -76 

4" *of) 

•72 

5 

. — ■^01 

'53 

+ '01 

■60 


+ -04 

+ *07 

4 - ‘42 

•50 

6 

— * 0 % 

•08 

— -10 1 

’55 

8 

— -02 

- -08 

+ '28 


8 

— *01 

‘63 

- ‘I 9 

‘60 

9 

— '02 

- *65 

— 'lO 

•54 

9 

*00 

* « . . 

• « . , 


10 

+ '07 

-•87 

+ '02 

'60 

10 

+ *04 

■64 

- ' 3 ^ 

•32 






11 

+ *07 

■46 

— .*29 

-29 






Means 

*00 

1 

CO 

— *o6' 

+ * 5 ^ 

Means 

“I" '02 

•“ ‘37 

+ 'll 

+ ‘57 


First comparisons and measurement. At 7 a.m. the temperatures of the bars were nearly 
identical; by 10 a.m. that of the iron bar, which was to the east of the brass bar, and therefore 
most exposed to the influence of the morning sun, was in excess ; at 1 p.m. it was still more in 
excess, and it continued greater throughout the day, but after that hour it was gradually being 
overtaken by the brass bar which was most infliuenced by the afternoon sun. 

Second, third and fourth comparisons and measurement At 10 a.m. the temperature of 
whichever of the two bars was towards the morning sun was greater than that of the other 
bar; at 1 P.M. the temperatures were either nearly equal or were reversed, and from that time 
the bar nearest the afternoon sun was acquiring a higher temperature than the other, until at 
4 P.M., when the operations terminated, the difference of temperature was generally greater 
than at any other hour of the day. ' 

The several groups of observations show that the influence of the thermal capacities of 
the brass and the iron components of this compensation bar— or rather the residual influence 
arising from any failure on the part of the makers to equalize the capacities of the components, 
(as indicated at pages 56 and 57,) — is wholly inappreciable, as compared with external influences, 
m producing the actual thermal inequalities of the bars. It is quite clear that whichever bar 
happened from it’s position to have been most exposed to the sun’s influence, acquired most heat, 
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irrespectively of the material of which it is composed. The actual difference of temperature 
at any hour of the day must necessarily be dependent, to some extent, on the relative amounts 
of heat which had been previously, as well as on what is then being, acquired or lost by the 
bars ; thus in the first group of observations, the temperature of the west bar was throughout 
the entire day — the afternoon as well as the forenoon — invariably less than that of the east 
bar, though in the three other groups the east bar was generally hottest in the forenoon and the 
west bar in the afternoon. 

In plate XXXIII, curves are given which show the excess of the mean of the compen- 
sation bars over the standard — during the comparisons before and after each measurement — 
corrected for the compensation error of the bars, and the error in the adopted values of expan- 
sion for the standard and the iron component, but uucorrected for the observed differences of 
temperature of the two components. These curves corroborate the evidence of the thermome- 
ters, by showing that the fluctuations in the lengths of the compound bars depend on the 
relative positions with regard to external influences, rather than on the thermal capacities of 
the components. 

During the progress of the operations, occasional notes were made of the state of the 
weather, the aspect of the sky, and the direction of the wind. They will be found in the 
detailed account of the operations. It is to be regretted that they are so few and unsystematic ; 
a more exact record would probably have shown conclusively — what the existing record merely 
suggests — that the thermal inequalities and the fluctuations in the lengths of the compensation 
bars are very closely connected with the aspect of the sky, the amount of cloud and aqueous 
vapour tending either to obstruct or to diffuse the sun’s heat, and the direction of the prevailing 
winds. In fact, if it may be assumed that the thermal capacities of the components have been 
equalized, as seems very probable, the thermal inequalities and the fluctuations in length afford 
more evidence of the relative amounts of cloud and sunshine, than is to be obtained from the re- 
cords of the weather, and this more particularly during the forenoons and afternoons, when the 
bars would be most affected by alternations of cloud and sunshine, whereas at noon they would 
only be affected by changes of wind. Thus in the first comparisons and measurement, when the 
west bar remained throughout the day at a lower temperature than the east bar, the mornings 
must have been clear and bright, and the afternoons cloudy ; the reverse must have happened 
during the third comparisons and measurement, when both bars had nearly the same tempera- 
ture for several hours in the morning, while in the afternoon the west bar was considerably the 
hottest. And if the curves in plate XXXIII are examined, and compared with those in 
plates I to XVI, it will be seen that there are occasional jumps from peaks to hollows in the 
forenoons and afternoons, in which all the six compound bars behave in a similar manner, and 
which, as they are certainly not due to accidental errors in the comparisons with the standard, 
indicate a sudden change from cloud to sunshine or met versa. The temperature curves in 
plates XVII to XXXII show that these fluctuations are independent of the absolute temperature. 

During the first and third measurements and comparisons, strong land winds, from the 
north, prevailed all day and more particularly about noon ; but in the second and fourth, 
the mornings were generally calm, and sea breezes from the east and south set in about 
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noon. This seems to have caused inequalities of temperature in the opposite halves of the bars, 
as will be seen by the following table of the differences of temperature of the north and south 
thermometers. 


Operation. 

Mean values of N - S at 

7 A.M. 

10 A.M. 

1 P.M. 

4 P.M. 

First comparisons and measurement. 

- ^38 

0 

- ’24 

0 

0 

- -32 

Second „ „ 

+ '05 

+ 16 

~ *01 

“ ’05 

Third „ „ 

- *05 

~*23 


- V 

Fourth „ „ 

+ *04 

^ + '12 

+ *07 

- *02 


It should be here observed that every precaution was taken to equalize the temperatures 
of the bar-components as much as possible ; the bars were never placed in the open air nor 
exposed to the direct i?ays of the sun, though they were necessarily more or less exposed to winds, 
through the tent openings for admitting light; all the interstices between the, components and 
the sides, ends, tops and bottoms of the boxes in which they are contained, were carefully stuffed 
with cotton; the operations were invariably carried on under tents, of wdiich there was a 
sufficient supply to permit of the bars being moved forwards under shelter, in the course of the 
successive stages of the operations ; the tents were made of three or four folds of cloth, white 
on the outside, blue in the middle, and yellow on the inside. 

The wells for the bulbs of the thermometers in the compensation bar B, as well as in the 
standard bar, were kept full of oil, to facilitate the conduction of the temperature of the bars 
to the thermometers. 




( 83 ) 


WITH THE COMPENSATION APPAEATUS. 


CHAPTER IX. 


Determination of the prohalle error of a lase-line, hy comparing the sections of the line 

hy triangidation. 



Preliminary observations. 

When a base-line is divided into two or more sections and these sections are connected 
by triangulation, the ratio of any two sections, or ' ’of any combinations of sections, to each 
other, may be computed from the triangulation, and may then be compared with the corres- 
ponding ratio which is given by the linear measurements. The value of these comparisons,, 
as a test on the accuracy of the linear measurements, will however depend on the probablo 
errors of the triangulation, which must therefore be investigated in the first instance. • ■ 

For this purpose it will be necessary to give a brief outline of the systems which aro 
followed in this Survey in the measurement of the angles, in the calculations of the probable 
errors of the angles, and in the reduction of the triangulation in such a manner as to obtain the 
most probable results. Full details of these subjects will be given in a subsequent volume. 

2 . 

7’he probable errors of the Principal Angles. 

The angles of the triangulations which have been executed for the purpose of com- 
paring the sections of the several base-lines inter se have invariably been measured with the 
best theodolites in the Department ; these instruments have large azimuthal circles, some three 
feet and none less than two feet in diameter, which are read by five equidistant microscopes ; 
as the observations at each station are proceeded with, the setting of the zero to the referring 
mark is systematically altered from time to time, in order to eliminate the graduation errors 
as far as is practicable ; every angle is measured not less than twice in each position of the 
zero, of which there are never less than eight, and more frequently ten ; the entire number of 
measures of an angle is never less than twenty; and the number of equidistant graduations on 
the circle which are read during the observations of each signal, is never less than forty, and 
is more frequently fifty, i.e, the arcs between the readings are-^'’ or '7° 12'. ‘ ; 

The probable errors of the angles ha vO been determined in three ways ; from the evi- 
dence of the observations of each angle, from that of the errors, of thp triangles — or the 
differences between the sum of the observed angles and 180® -j- the spheroidal excess— and 
from the most pro^ble values of the errOr^ of the angles of the polygonal figures; and the 
results by the last method— which generally' gives' ^rPdr^ ‘of iarge'st magnitude — have been 
adopted. Thus the angles of the Indus, Karachi,' Jogi Tila, 'Rahuh, and N. W. Himalaya 
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chains of triangles — ^numbering altogether 1407 angles — ^have been shown to have an average 
probable error of ± 0"'28, large groups of angles, which have been measured under more 
favorable circumstances than the average, having probable errors less than ± 0"’20. The three 
angles of every principal triangle are invariably observed. 


3 . 


Investigation of the prolahle errors of the trigonometrical ratios. 


These probable errors are functions of the geometrical conditions of the triangulation 
and of the errors of the angles, the values of which are very easily determined when the 
triangulation is carried along one flank only of the base-line, for then the only geometrical 
condition to be satisfied is that the sum of the angles of each triangle shall be equal to 180® 
-j- the spheroidal excess. When the triangulation is carried along both flanks of the line, so 
as to form a polygonal figure, with one or more central points, the problem is more intricate, 
for additional geometrical conditions are introduced, viz., that the sum of the angles at the 
central stations must be exactly equal to 360®, and that no side of the triangulation can have 
two values, or in other words, that the length of any side, as determined by processes of cal- 
culation from any other side of the figure, must be identical. 

The ‘ triangular’, ‘ central’, and ‘ side’ equations of condition must be satisfied in such 
a manner that the probable errors of the corrected angles will be a minimum. 

Let Xf. be the most probable values of the errors of t observed angles, connected 

by » geometrical equations of condition which are as follows 


Hh ^3 ^3 • • • * 

• 

• 

+ 

11 

^1 a?! “b ^3 ^3 + • • . . 

• * ^ H 1 

^3 ^3 *4“ * * • • 

. . -b Wf ^ 

be the reciprocals of the weights of the observed 

IJzSL^ 4- 

% ' % ^ * * 

..... “b — 


(^q) 


(ai) 


must be made a minimum ; and, by introducing indeterminate multipliers, Xo, Xj ... . X«, whose 
values are obtained from the following equations 

Xjj -f- Xj -f* ...... d- X^ ~ 

\gb.u\ \ Xj + ...... -b [bn.u] X„ = ej, I 

Xg “b Xj + • . * • . . “b [**^***] ^» ~ ^ J 
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the values of '^3 • • • will be expressed by the folio winj^ eqiu: 


i^iK‘i~hh + ^1 K) 

X.2 = % (% K + K) 

= + '‘h K) 


• <**** 


• ('^ 3 ' 


corresponding corrections being applied to the observed angles of the triangnlaiioii, all the 
requisite conditions will be satisfied, and the ratios of any of tlio Bectiuns of tlie baso-line, or 
of any combinations of sections, to each other, may be determined. 


We have then to find the probable errors of these functions of the correettid ungiort, 
Proceeding to actual errors and putting^j,^^ . . . \ for tlio actual errors of tlie ohservod angdes, 
then the actual error of F, any function of the corrected angles, may be expressed by’ tho 
equation 


a.eoi F = F j 4-/3 (% — , . . + y], )| ^ ^ ^ 

in which /s, . . . are coefficients depending on the function under invostigatioii. 

The probable error of i^’may then be obtained from tlie following (if|uation 
Js X W of 3?= [/»«]- g fuaJA^+^l /im] [ /«}]yl,+ .... +2[/««| [/««]^ ) 

- { {fuhJB^ + .... +2[/«q [/««]/;„] 


*••**♦*# t t. # 


ill which the factors A,, . . , Bj, B. . . , N„, arc tlie coefficientH of „ (|l„. 

hand terms of the geometrical equations of condition) in tho following cqi'uitionH, which an, 
obtained by solving equations (aa) . , 


d" + + A., e, 


0 

n u 


P 

u 


^5 — ^6 + + j 5. 

“b H d" W (?, 


n ^ 1 % 


(16) 


In equation (aj), p is a factor for converting the weights of tho ohaorved aii-dcK iii(„ 
probable errors of those angles, which hi. to be spociall/determincd ; it is • , r 

angles measnred with the same instrument, with tho same system of ohaeryation i 

similar cmcumstoces, but a variable for observations with different instruments, m- with'ilm 
same instrument under different circumstances; for tho triangulatiou of any one basc-liuo it 
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may be taken as a constant, and if we put the p.e of an observed angle = 6 , in terms of radius, 
we shall have 

^ = 7 (“ 7 ) 

When the triangulation is carried along one flank only, there will be no other geometrical 
equations of condition than the triangular, the coefficients A^, . . . in equation 

(a^) will vanish, and 

the/.e® of ^ (a8) 



Application of the preceding invcBtigation. 


The annexed dia- 
gram denotes a base- 
line divided into secti- 
ons, the ratios of which 
have been determin- 
ed by triangulation on 
both flanks of the base. 
When the triangula- 
tion has been made 
consistent by apply- 
ing the most probable 



B 


corrections to the observed angles, as indicated in the preceding section, it is immaterial 
whether the ratios are computed through the triangles on one flank or on the other, as identical 
results will be obtained in either case. Following the lower flank of the diagram, the aimles 
3, 7, 13, 1 9, opposite the sections of the base, and the angles i, 4, 6, 8, 9, . . . opposite the sides 
oi continuation of the triangles, will be required. 


Putting {x~x) = X, (see equation h) and c for the cotangent of any angle 

^ “ ^1 ^1 “ Cg X3 -f C4 X^ — Cg Xg -f- Cy Xy — Cg Xg 

q = — Cy Xy -P Cg Xg -f X^^ — Cjg X^g C^gXig— C15X15 

r C13X13 -b Ci4XjL4 -f Ci^Xjy - C^gXig -f Cjg Xi9 - C^i X21 


* The brackets in this and the preceding equations denote avumaations, thus 


+/3’.«J + .... 
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then the a.e of 
a.e of 
a.e of 
a.e of 
a.e of 
a.e of 


BC _ 
AB " 

GD _ 
AB ■“ 

DE _ 
AB “ 

AC __ 
A B •” 

AB = 

AB “ 


BC 

AB 


(p-f q) 


CD 

AB 


(p + q + 1') 


DB 

AB 


„ BC 
a.e of jg 

(2p + q)xB 


( 3 p + 2 q + r) 


AB 


substituting for p, q and r their values as above given, the co-efficients of x^, Xg . . . will, in 
each instance, correspond to the co-efficients . . in equations (24) and (25). 

Thus the probable errors of the ratios under consideration, and in like manner those of 
any other functions of the angles of the triangulation, may be determined. 

In order to compare the probable errorsof the several ratios, we must assume that the weights 
of the angles are equal and that the triangles are equilateral. On these suppositions, the fol- 
lowing table gives the co-efficients of 6 in the expressions for the probable error of the ratios, for 
base-lines divided into 2, 3, or 4 sections as the case may be, and it is drawn up so as to be 
applicable also to cases in which the triangulation does not form polygonal figures, as in the 
diagram at page 86, but is restricted to a single flank of the base. Eor when the weights of 
the angles are equal, equation {25) may be written thus, for any polygonal figure, whether sym- 
metrical or not. 


px of /= e { [/»] - s ! - 

and when the triangulation is on one flank only t vanishes, and then 

px of I' = 6 


* Supposing a base to be divided into three 
as follows, 



sections, as ABOD, the, a.e of the ratio of tlie entire length to the central seotion will bo 
AD , 

a.e of gQ — (— p + 9) gQ 
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TJSLE of the co-efficients of 6 in the eaipressiom for the probable errors of certain ratios when 
the iveights of the angles are equal and the triangles are equilateral. ^ 



whoncc tlxo co*ofiicio 3 its of B aro reispoctiTely 2*16 and 1*46* 
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5 . 

The prolable errors of the ratios of the linear measurements. 

If we assume that the probable errors of the measurements are proportional to the lengths 

measured, and if we put I for the ratio of the probable error of any measurement to the leno-th 
measured, then 


the f.e of 


BC _ BO ^ 

AB ~ AB ^ ^ = when the lengths are equal ; 


the probable error of the ratio of any two sections may be similarly expressed. 
Bor combinations of sections we have 


p.e of 
p.e of 


AD 

AB 

AE 

AB 


j y/ BD» + BC» ^ ^ yTwben the 


lengths are equal. 


99 


99 



Determination of the average prolalle error of the differences between the ratios given hj the 
triangulation and those by the linear measurements, and thence the average probable error 

of the linear measurements. 


If we take any one of the ratios of which the probable errors have been investio-ated 
in the two last sections, as BC : AB, and compare the trigonometrical value with that obtained 
from the base-line measurements, and putting 

BC 

T = the value of ^ by the triangulation 
^ “ » jj linear measurement, 

find the value of 

D = T - M 

and if, from the evidence of several base-lines, we obtain n independent values of D, which 
are of equal weight the probable errors of the triangulation being the same in every instance, 
and likewise those of the linear measurements, — then we may find the probable error of D 
from the formula 


D = -67 ffm 

n 



Now it has been shown that when the probable errors of the angles are equal, and the 
triangles are equilateral, and have been carried along one flank only of the base-line, the probable 
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errors of the triangnlation and of the measurement are respectively as follows, 

BC 


for the ratio 


M = Z 


and since 

D = M (30) 

?, the ratio of the probable error of any linear measurement to the length measured, would, in 
this instance, be obtained from the equation 

^3 = 


But it is evident that, when the probable errors of the angular and likewise of the linear 
measurements are constant, the modulus of error of the value of D, for the ratio of the first and 
third section, must bo greater than that for the ratio of the first and second section which has 
just been considered ; and generally that for the ratios of distant sections or of combinations of 
sections, the modulus of error of D must be greater than for the ratios of contiguous or of 
single sections. Strictly speaking therefore the values of D from which a 'p.e D is determined 
should be obtained for each of the ratios fQr se. The seven base-lines of this survey at which 
these comparisons of ratios have been. made, do not however afford a sufficient number of com- 
parisons to permit of a satisfactory determination of the p.e D for each ratio. Moreover though 
the probable errors of the angles, and likewise of the linear measurements, may be assumed to 
be much the same at all the base-lines, the geometrical conditions have not been indentical, the 
lengths of the sections, though generally nearly equal, occasionally varying in the proportion 
of a to 3, with a corresponding deviation from the equilateral form of triangles. Thus an 
exact determination of the p.e I) is not possible, but a very fair approximation may be arrived 
at by treating the data which are available as if all the triangles had been equilateral. 

The whole of the values of D, which have been obtained from the comparisons of the 
ratios of single sections at the seven base-lines, are given in the following table : — 


Base-Lines. 

K A T I 0 S . 

BC 

AB 

CD 

AB ' 

DE 

AB 

CD 

BC 

DE 

BC 

DE 

CD 

Triangulation on one jiank. 
DekraDoon 

Beder . . 

Sonakboda 

Chuck . . 

Karachi . . 

Triangulation on both flanks. 
Vizagapatam .. .. 

Bangalore .. .. 

- 3‘55 
6-31 .. 

+ I-aS 
3’36 « 

- « 

-r- 3’iid „ 
%-%6 „ 

4*0:^ 

+ 1*18 ;; 

1-3^ 
3-65 » 

- 5'34 .; 

+ 4'95 » 
-10-48 „ 

+ 1-03 jA 

- 6-64 „ 

— 0-31 jU. 

+ 3'99 
0-07 „ 

0-67 „ 

— }, 

+ 775 » 
- 9-53 » 

— 0-13 g. 
0-88 „ 
4'04 

— 0-l8 g. 

179 » 

ri5 „ 








( W ) 


WITH THE COMFENSATION APPARATUS, 

Combining the whole of these values as if they were independent and had a common 
modulus of erroPj 

j 7 .e D = ± ’67 ± 2*8 i /*. 

The values of the p.e M may be taken as the same for the whole of the above ratios ; not 
BO the values of the p.e T, but of them a fair average value may be obtained by combining the 
respective values for the several ratios, which have been given in section #, with weights pro- 
portional to the number of determinations of D for that ratio in the preceding table ; thus 

p.eT = ^| 13X i‘ 4 i 4 - 8 X r83 + 3 X 2*16 + 4 X o'96 -fax | = 1*52^, 
and since the M may be taken = I by substituting in equation (30) we get 

±4r{(^-8i ,)»- (31) 

The probable error of the angles measured with the great theodolites of this survey is 
tJb 0" *28 on an average and is frequently not more than db 0" -ao, (see section 2 of this Chapter) ; 
with the larger value, we have 6 = 6". sin 1" = 4*85 1^.6" = ± /i, 

l=± 1*35 

with the smaller value, we have 0 = ± o'gj 

1= ± 170 /* 

and since 9 cannot vanish the limits of I will be ± vggi^ 

It may be here noticed that equation (31) corroborates the values of 9 " which have just 
been adopted ; for since I cannot vanish the limits of 9" will be 4 o"‘38 ; and as in the triangula- 
tion of the seven base-lines the number of measured angles is very considerable, being a x 15 
+ 3 X 21 + 2 X 30 = 153, and the modulus of error is much the same for each of the angles, 
as they were all measured with the best of the great 3 feet and 2 feet theodolites, this limiting 
value of 9 " is worthy of every confidence. 


CD ,DE 


BO 


and 


The p,e T for the ratios and may bo hero taion as = the |).e T for the ratio, ^ 
1)E CD 


ratio 


BO 


AB 


3 > 



( 92 ) 


MEASUREMENT OF BASE-LINES 


CHAPTEE X. 


General conclusions on the prohable errors of hase-lines measured with the 

compensation apparatus. 



The Dehra Doon lase~line. 


This base was measured twice over by Colonel Everest, and the comparative results of 
the two measurements, for each of the several sections, are given at page 11 ^ 

The comparisons of the compensation bars with the standard before the measurements, 
were made in a house, instead of being made in tents under circumstances precisely similar 
to those of the measurements, as was done at the subsequent comparisons at this base-line, and 
afterwards at all the others bases. The necessity for this precaution has already been abundant- 
ly shown ; and, from what has been stated in section 1 of Chapter VIII, it is evident that the 
precaution is least necessary for a base-line of which the direction is meridional, but most 
necessary for one of which the direction is nearly east and west, as this base the azimuth of 
which, at it’s eastern extremity, is 113“ 44'. 

On comparing the results of the two measurements of each of the six sections, it will 
be seen that, in every instance, the length by the first exceeds that by the second measurement, 
the excess ranging from 3*4 to 8'o ^ and averaging 6-3 /^, m being as formerly the millionth 
part of the length measured. The value of the probable error from this base-line might be 
taken as 


p£ of a single measurement = 



± 3 ^ 


but under existing circumstances this value is probably too large, and it cannot be considered 
to be as reliable as those which have been deduced in the two last chapters. 



’Recapitulation of the results of Chapters VIII and IX; conclusions regarding the prohaUe errors 
of the measurements with the compensation apparatus, excluding the errors of the standards. 

In Chapter VIII the probable error of a single measurement of the Cape Comorin 
base-line, has been determined from the evidence of the differences of the successive measure- 
ments, first, with such recognition of the thermal inequalities of the components and the com- 
pensation errors of the compound bars as is afforded by the observations of the temperatures 
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and the determination of the compensation error of the representative bar B, and, secondly, on the 
usual assumption that the mean lengths of the bars were the same during the measurements as 
during the comparisons ; a third determination was made from an investigation of the probable 
errors of each of the several operations of the measurement. In Chapter IX a fourth determi- 
nation has been made from the differences between the ratios of the sections as given by the 
triangulation and by the linear measurements, for the seven base-lines at which verificatory 
triangulation has been executed. 

From these investigations the probable error of a single measurement of a base-line by 
the compensation apparatus, excluding all constant errors, is as follows : — 

from the first, I =■ say ± o '6 see page 76 


„ second, 1 — „ 

1*5 


55 

78 

„ third, 1 = „ 

0*5 

/X 

55 

79 

„ fourth, 1 = „ 

I'S 

/A 

55 

91 


In all but the third investigation the results have been derived from comparisons of 
values which would be equally affected by any constant errors in the determinations of the units, 
temperatures and co-efficients of expansion of the standards of length ; in the third only could 
the influence of such errors have been recognized, but there it was purposely disregarded in 
order that the results might be comparable with those of the other investigations. Such errors 
will be considered in the next section, but they may be disregarded for the present, as they are 
common to every apparatus for the measurement of base-lines ; and we may conclude, from the 
above figures, that the average probable error of any single measurement of length by the com- 
pensation apparatus-expressed in millionth parts of the length measured — does not exceed 

± 1*5 

At page 270 of his Comparisons of Standards of Length, Captain Clarke shows that the 
probable errors of the relations of five of the 10 -feet standards of the Ordnance and the 
Indian Survey to the Standard Yard Yjs range from ± 0-98 m.y to dh 1*35 ot from 0-3 
to o '4 (in parts of their own length). Now the relations of these standards were determined 
with the utmost possible nicety and exactitude, in a comparing room, specially constructed for 
the purpose, of which the temperature rarely changed by more than 1 ° F. in the twenty-four 
hours ; and the comparisons were made at a temperature so nearly coinciding with the normal 
temperature of 6 a°, that the results are quite unaffected by any errors in the adopted values of 
the expansions of either of the standards. The utmost accuracy humanly possible appears to have 
been well nigh reached. But in the operations with the compensation apparatus the condi- 
tions were by no means so favorable for exactitude ; the measurements were carried on under 
considerable vicissitudes of climate, under more or less exposure to the open air, and with no 
better shelter from a tropical sun than is afforded by tents ; the fact therefore that the probable 
errors of the results may be taken as only about five times those of Captain Clarke’s determi- 
nations of the lengths of the standards, is a very satisfactory evidence of the accuracy of the 
compensation apparatus as an instrument of measurement. 
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Influence of the prolalle errors of unit, temperature and co-efldcient of expansion, .of the standards 

of measure, on the lengths of the base-lines. 


I. Influence of errors of unit. 

First, for the lO-feet standard A. The mean of the two determinations of tbe relation of 
this standard to the standard which are given in Section 4 of Chapter III, has been adopted 
as final ; the probable error of the result maj be taken as 

± -67 ^ = ± i-o (m.y.) 

which is much the same as the probable error of Captain Clarke’s determination of the relation 
of l^to the standard yard Yqq, {Comparisons of Standards of Length, page 270.) Thus the relation 
of A to the yard has a probable error = db i*4 and therefore 

the p.e of unit of A = i 0*42 

Becondly, for the ^-inch scales. The average probable error of the relation of any micro- 
scope scale to ^ A is = ih *58 m.y.* ; thus the probable error of unit in the length measured 
by a complete set of bars and microscopes is ± *58 (= 1*3 6) m.y ; and as this length is 

63 feet, 

the p.e of unit = ± '06 

IL Influence of errors of temperature. 

First, the errors arising from the inaccuracies of the thermometers. All the thermometers 
which have been used at the several base-lines and during the comparisons of standards are 
described in Appendix 8, on reference to which it will be seen that the thermometers which 
were originally sent out to India with the base-line apparatus have never been calibrated, and 
that for a period of about 25 years after their construction, in or about the year 1830, nothing 
is known regarding their index errors. They were not graduated on their stems, but were 
fastened to metal scales, their attachments to which were not rigid but permitted of a play 


* The relatioTis of the 6-incla scales to the central 6-inch space [dl.Z] of the standard foot | F are given at page 19 of the Appondiocs ■ 
the $.e of ([(f ./] — B) being of the same magnitude as the average of all the others may be used as a fair in^cation of the p.e of woso re-’ 
lations ; then since 


m.y m.y 

[di] - E = - 8-44 ± -56 

(Vi.i/j ~ g Yss ~ * i ’*3 Ohjjfctia Clarice's Comparisons eg Standards page 249 



69-38 ± -98 „ 

82-52 ±1-0 

Hence B - gg A *= 9U i ’58 


.1 270 


M 
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equivalent to about o®‘ 2 . There are sufificient reasons for concluding that the thermometers a 
and which were employed on standard A at the first eight base-lines, must have had, at the 
commencement of the I^ciiachi base-line in the year 1854, a mean index and calibration error 
of about -f- o°- 5 i F which they were found to have in 1867, on being tested in melting ice and 
compared with the modern standard thermometers which were obtained in that year. Possibly 
the zero points of all the thermometers were correct originally, and were subsequently disturbed 
by the contraction of the bulb to which all newly made thermometers are liable ; but the play in 
the attachments is fatal to any exact conclusions on this subject. 

It will be assumed that the combined index and calibration errors of all the workino* 
thermometers give rise to an average probable error of temperature= ± o °'3 at the first six base- 
lines, and = ibo°'i at the Karachi and Vizagapatam base-lines, to which a correction for index 
error has been applied. Now twenty parts in twenty-one of every base are expressed directly in 
terms of the iron standard A, of which the co-efficient of expansion for 1° F is 6-3 ai; but the 
remainder is expressed primarily in terms of the brass scales, of which the expansion has been 
taken as p'p ; thus an error of 1 ° of temperature is equivalent to an error of 67 in length. 

Hence the y.e arising from the assumed inaccuracies of the thermometers is, 

= ± a'o A* for the first six base-lines 
and = i 07 for Karachi and Vizagapatam. 

Carefully calibrated thermometers, of which the index errors have been determined from 
time to time, were employed at the Bangalore and the Cape Comorin base-lines, which should 

therefore have no errors of this nature. 

♦ 

Secondly, errors arising from differences htween the actual temperatures of the standards and 
those indicated by the thermometers. When the tem'perature of a metal bar is rapidly rising or 
falling, the temperatures indicated by thermometers whose bulbs are in wells in the bar and 
are protected from any other thermal influence than that of the bar, have a tendency to lao^ 
behind the temperature of the bar, even when the wells are filled with oil to facilitate the con- 
duction of heat to or from the bulbs of the thermometers. At pages (7) and '( 8 ) of this volume 
instances are given in which the lagging amounted to about o °-3 F during changes of temp- 
erature which were not nearly so rapid as those that are daily experienced in the measurements 
of base-lines. As a rule the temperature of standard A is rising for about four-fifths of the 
daily working hours, which are generally from 7 a.m. to 4 p.m. ; at first it usually falls for about 
half an hour, then rises for several hours, to fall again only a little before the close of the day’s 
work, following the diurnal variations of temperature by an interval of about two hours. 

There are no means of ascertaining what the average actual amount of thermoraetric 
lagging has been at any of the base-lines which have been measured hitherto. An invest! o-ation 
of this subject would have been very laborious and difficult, necessitating the employment'of an 
apparatus for artificially sustaining the temperature of one bar at a constant point, while the bar 
was being compared with another bar of which the temperature was following the ordinary daily 
rise and nightly fall. 

Supposing the resultant average amount of lagging during the operations of the base- 
lines to be — o °-3 F, for the thermometers attached to standard A^whioh for the climate of 
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India appears to be a very moderate assumption — and assuming that the errors of this nature in 
determining the temperatures of the scales cancel each other, because the bulbs of the thermometers 
are not inserted into these small bars, the error in the length of a base from this cause would be 

= — o '3 X II X 6*5 2 nearly. 

III. Influence of the errors of the co-efficients of expansion of the standards. 

For the reasons stated at pages (12) and (13) it may be assumed that the probable errors 
of the values of the factors of expansion which have been finally adopted in the reductions of 
the base-lines are = ] per cent oi the magnitude of the I’espective factors. It has just been 
shown that a change of i" F in the temperatures of the iron and the brass standards is equivalent 
to an alteration of 67 /* in any length measured by the compensation apparatus ; thus the pro- 
bable error arising from the adopted values of the factors of expansion would be = ± 0-067 v- 
for 1° F. Putting T for the mean temperature of standard A during the measurement of any 
base-line, and assuming that the mean temperatures of the brass scales are much the same, 
the from errors of co-efficients of expansion = i ’067 (T — 62°) 
which for the first nine base-lines is on an average = ± 0-5 
but for the Cape Comorin base is = ± i’4 


4 . 


Final conclusions. Equal weights given to all the base-lines. 


We have seen that, excluding the constant errors of the standards of measure, the pro- 
bable error of any length measured by the compensation apparatus may be taken as i 1-5 r-, 
M being the millionth part of the length measured. We have also seen that the constant and 
inconstant errors of the standards may be generally taken as of the following magnitudes, 


error of unit, db 0-4 
error of temperature, — 2 ± 2 

error of factor of expansion, dh 0-5 y- 
whence the combined error is, — 2 fi;: 2*1 m 


may 


Thus the total error arising from the compensation apparatus and the standards of length 
be taken as 


= — 2 2b 2*6 


for a single measurement of length ; and it is evident that as the errors connected with the 
standards are larger than those arising from the compensation apparatus, very little gain in 
accuracy is obtained when the measurements with the compensation apparatus are repeated. 

It should be here reiterated that the negative error, ■— 2 /*, in the above expressions of 
error, is an arbitrary estimate of the probable influence of the difference between the temperaturps 
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of the 10-foot standard and those indicated by the thermometers attached to the standard 
during the course of the daily working hours, which results from the phenomenon of lagging. 
Believing that more eiu'or may arise fi'orn this circumstance than from the combined influence 
of every other cause of error, more particularly in India — where the diurnal vicissitudes of 
climate during certain sesisons of the year are very slight, and the weather repe:its itself, days 
of bright and almost unbroken sunshine following each other sometimes for weeks together — I 
have tliought it better to introduce an arbitrary estimate of the possible effect of tlie error than 
to omit it altogether. But it should be omitted in making comparisons of the probable errors 
of the base-lines of this survey with tliose of other surveys in which it may have been disregarded. 

And since this error is almost beyond liuman control, the probable error for which the 
compensation apparatus, the standards of lengtli and the persons using them are responsible, 
may be taken as = ih millionth parts of the length measured ; a quantity wliicli must be 
considered small when expressed in terms of any terrestria,! magnitude, being equivalent to only 
io8 feet in the length of the polar axis of the earth. But the final results of the o|)erati()ns, 
the lengths of the arcs, the coordinates of the fixed points &.e., are dependent botli on tlie linear 
and on the angular measurements, and no advantages would be gained if the accuracy of one 
class of operations were materially greater than that of the other; the linear errors of any > 
geodetic operation are tlius not so much a matter of interest as is their relation to the angular 
errors. 

Now in order to find this relation we must compare the probable errors of the ratios by 
the linear measurements with tliose by the trigonometrical operations. Brom what has been 
already stated above and at page (S 9 ) it appears that 

the j9.(3 of the ratio of two base-lines of equal length is'= i a' 6 2 fi=z i:37/^- 

The probable error of the ratio of any side in an equilateral triangle to the base 

h = 6 when that of each of the three angles is 0 . In the best operations of tins siir- 

3 

vey 0 '’ = ± and ^ = d: c>'97 /^; thus in the best equilateral triangles or those which are 
measured with the most accurate and powerful instruments under the most favorable circum- 
stances, 

the^.e of the ratio of the second side to the first may be taken as i o’8 f^, 

which is about one fifth that of the linear measurements. But the distances between the base- 
lines of this survey range from 275 to 750 miles, and the probable errors of the four chains of 
triangles directly connecting the base-lines at Debra Boon, Sironj, Karachi and Attok, tlie 
average length of which is 575 miles, have been recently determined very approximately, and 
show that 

the p.e of the ratio of the last side to the first averages ± io>, 

which is not quite three times that of the linear measurements. Thus the relations of the pro- 
bable errors of the linear and the angular measurements may be considered to be suiEciently 
harmonious and consistent. 

It only remains to add that after a careful, consideration of all the available data for 
determining the relative weights of the several base-lines, I have arrived at the conclusion that 
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there is no sniBcient evidence for assigning different weights to different bases which would 
be generally accepted as conclusive. In the bases which were last measured the error. ? of 
the thermometers were unquestionably much less than was previously the case, though perhaps 
at the first one of all they may have been small ; on the other hand the differences between 
the trigonometrical and the linear ratios at Yizagapatam and Bangalore are larger than those 
which occurred previously, (see the table in page 90 ). At Calcutta the compesation bars 
were compared with the standard in a house, and not in tents on the base-line ; but fortunately 
the direction of the line was meridional. At Debra Boon the first set of comparisons was 
made in a house, but the others were made in tents, and the line was twice measured. The 
Cape Comorin base was measured four times, but it’s mean temperature was 7° biglier than 
tliat of any other base, and tlierefore it would be most affected by an error in the co-efficient of 
expansion of the standard. It is very clear however, from tlie investigations which luive been gone 
into, that the actual errors of the results must, in all cases, be very nlinute, and therefore there 
can be no valid objection to assuming that the respective results are, to all intents and purposes, 
of equal value. This assumption will therefore be made, and it will much simplify the general 
reduction of the triangulation which is now being carried on. 


Progressive and accidental changes in the lengths of the comfcnsation lars. 

The determinations of the relations of the compensation bars to the standard, at the 
several comparisons at each base-line, are given in the following table, which shows the 
excess of the actual length of the mean of the bars over the standard, or L— A, and that of 
each of the bars over the mean, or A— L, B— L, . . . The quantities L— A are primarily ex- 
pressed by two terms, the first of which is numerical, and gives the excess as computed with the 
old value of the factor of expansion of the standard, and corresponds with the X" of equation 
(15), page ( 69 ) ; the second contains a symbol, dE'^, for the error of that factor and a numerical 
coefficient = — (T^ — 62^) or the sign-changed excess of the mean actual temperature of the 
standard over the normal temperature of 62° ; now d¥J^ may be taken as = I'o m.g = 0*3 /*, on 
an average, for the mean actual temperatures of the whole of the base-lines,* and this value 
has been used to obtain the concluded actual relations of the mean of the bars to the standard. 

Approximate values of the normal relations of the mean of the bars to the standard 
are also given, by allowing for the effect of the errors of compensation, and assuming that 
the temperatures of the bars were the same as those of the standard. For an exact determina- 
tion of the normal length of the bars it is necessary that the respective temperatures of the 
hrass and the iron components should be known, but no data are available for ascertaining what 
these temperatures were at any but the last base-line. 

If in equation (17) page ( 69 ) we put t = 0, and assume Tj = T^, then 

X = X" — ( 17 -f- dE/ ) approximately ; 

hut n = I'o m.y very nearly, thus n -{• dE'^ = o-6/* in parts of the bars or the standard ; 


* See the table of thermal expansions of standard A at yarious temperatures, page 19. 
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the approximate normal lengths have therefore been determined, in each instance, hy multiplyina' 
theeo-efacietitsof <iE'. in the table fay o'6 ^ and applying the quantity thus found to the preU- 
minary numerical relation of the mean of the compensation bars to the standard. 


Base-line 

and 

year of measurement 

Values of L-A 

Relations of each bar to mean of all 

Actual 

Apprw 

norma 

' A-L 

B-L 

C~L 

B-L 

E~L 

H~L 

1831-32 

Calcutta ... 

33 ’ 9 /^ 

-- 5-8 cZE' 

a 

= 3 i' 9 M 

29‘8/x 

■f o' 9 /A 

- 5 ‘ 4 /* 

+ 07/* 

+ 5 * 5 /t 

+ 5 ’^/* 

~ 7*9 H 



23 S 

17 

33 ’o 

327 

27 

S ’^ 

0*4 

7'9 

47 

97 

1834-35 

Dehra Boon 

4^*0 

47 

407 

39 ’a 

0‘I 

87 

07 

137 

— 2*0 

2’5 



37 '^ 


37'9 

387 

0“0 

87 

- 0-8 

13*2 

y 

2*0 





-X07 

397 

3<57 

— i*0 

7-2 

I*I 

H '3 

3*0 

09 

2*1 

1837-38 

Sironj 

45 'a 

4ra 

Cyo 

+ 2'2 

43’4 

4 X '9 

4 x 7 

427 

+ 27 

37 

97 

107 

0*2 

0*1 

177 

17-9 

5 'i 

47 

5*1 

67 

1841 

Eider 


—187 

507 

44‘9 

— 0'2 

«57 

+ 37 

10*1 

I ‘6 




537 

xo-3 

507 

477 

+ 1-3 

77 

2-9 

87 

1-8 

0 4 

37 

1847-48 

Sonakhoda 

59’9 

8-x 

577 

55 'o 

- 1-4 

7'9 

2-4 

10*9 

I‘I 




j2-0 

07 

5i'8 

5x7 

07 

97 

i‘8 

10*2 

O’O 

0 



507 

4- 0-9 

5X-0 

5i-a 

1*0 

10*1 

27 

xo 7 

0*1 

I 9 

1*7 

1853-54 

Chuch 

537 

55 'i 

117 

8-2 

57 ‘o 

57 '^ 

5 o '4 

6o'o 

X ’4 

07 

1x7 

io’8 

2-8 

2’0 

127 

13 •! 

2*4 

2*^! 

0*0 

T* a 



5 ^ 4 

lO'I 

59'4 

727 

•f O'l 

107 

1 7 

I2'4 

A .5 

2*7 

A i/ 

0*7 

1854-55 

Karachi ... 

587 

- 8*4 

3-9 

597 

57 '3 

57 'a 

j6-2 

— o 7 

2-4 

lO’I 

97 

37 

27 

J2'8 

12 ‘X 

1-9 

I ‘A 

0 



56 8 

57 

54'9 

53 '0 

4'9 

97 

5 ’o 

12’4 

0*4 

j 

a *3 

1862-63 

Vizagapatam 

5 x'i 

5.57 

^ 3 ’9 

8-8 

137 

147 

587 

59'5 

597 

55*8 

55'4 

55‘i 

47 

37 

57 

XO’O 

9’8 

97 

3-0 

4‘4 

a 7 

io'5 

9 'o 

107 

+ 0*7 

^■4 

17 

+ O'j 

1*4 
+ 0*3 

1868 

Bangalore ... 

62 '0 
527 

69 '2 

6‘2 

97 

147 

6o'i 

597 

64'8 

587 

5 ' 5-9 

507 

JI'O 

97 

io'9 

i 5'4 

x 57 

xyo 

4*0 

47 

4-8 

23-0 

2x7 

22'8 

X'X 

-0*4 

+ 07 

-- r6 
+ 0*2 
— 0*2 

1869 

Cape Comorin 

79 ‘0 

72’a 

7^7 

75 ‘0 

i8'8 

2x7 

axy 

a 3‘4 

73-4 

^57 

66'o 

68-0 

677 

597 

597 

6x'o 

167 

157 

x6-8 

^ 5‘9 

lO’O 

9-9 

107 

io 7 

5-8 

5 'i 

4‘9 

5-0 

23*1 

2X'0 

227 

22*1 

17 ; 

07 

r *4 

1*4 

2*3 

I*I 

1*4 

1*6 


from Jf I * r ‘I’® compensation bars were increasing progressively, 

CWh Lr r ^ "P to toe measurLent of ttm 

limriimetde m i *¥ ‘engths have fluctuated, sometimes increasing, 

sometimes decreasmg. The table also shows that there have been other changes in length. 
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CHAPTEE XL 


On the calmlations for the reduction of the hase-Unes. 


1 . 

General details. 

The greater portion of the calculations will be readily understood from the actual pro- 
cedure in each case, and from the full explanations which have already been entered into 
regarding the treatment of the Cape Comorin base-line. It has been seen that the determi- 
nation of the lengths of the compensation bars is the most important part of the process, as 
twenty parts in twenty-one of the base are measured by these bars. It has been shown in 
Section 3 ot Chapter VII that tor the exact determination of the normal length of a compen- 
sation bar as compared with a standard bar, the error of compensation and the thermal inequa- 
lities of the components of the compensation bar should be known; the exact expression for 
the length is given by equation 9 ; whence it follows that for the first nine base-lines, at which 
no steps were taken to measure the temperatures of the components, the terms in that equation 
into which t and Tj enter must be neglected, and we must put 

X = E' — A' + (B'o, ~ dW^ ) approximately. 

The values of X have been thus computed for all the first nine base-lines, and though in no 
case do they indicate the normal bar-length, they always give the actual bar-length at the 
time of the comparisons, and thus in every case the determination of the length measured by 
the bars will be correct, if the average temperatures and thermal inequalities, and conse- 
quently the average lengths of the bars, were the same during the comparisons as during the 
measurements. * 

The reduction of the lengths measured by the microscopes is described in Section 7 of 
Chapter VlII, and the method of grouping the results is sufficiently obvious, and may be 
■readily followed. • 

All the linear measurements are finally expressed in feet of the 10 -feet standard A ; in 
Ck)lonel Everest’s Arc Book of 1847 the microscope lengths were expressed in terms of a 
standard 6-inch scale, the relative length of which to the 10-feet standard had not then been 
determined. The relations of length which have been employed in the present reductions are 
those which are given in Sections 7 to 9 of Chapter III. 

The factors of expansion for F Fahrenheit, which have been used, are the old values 
which were employed by Colonel Everest, vis., *000,006,801 for the iron standard A, and 
000,010,417 for the brass scales ; subsequently corrections have been applied for the differences 
between these values and those indicated in Sections 6 and 8 of Chapter II, which have been 
obtained from the latest and most exact investigations. 
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Supposing the measured lengths of the sections to be AB, BC, CD , . . , and that of the 
entire base to be AD , while the corresponding lengths by the iriangulation are ah he 
cd . . . .andad . . . ..whereab = AB; then ’ ’ 


ad 

ad 


I 


. ab - AB 
.bc-BC 


«!««««•• 


® the excesses of the lengths computed 
from the entire base, for each section, over 


the measured lengths 


are the excesses of the lengths computed 
I- from the first, for the followine; sections. 

I 1 1 1 1 . 1 Q ' 


bo - BCl 
cd-CD 
..... j over the measured lengths. 


and so on. 


!lle natural numbers corresponding to the differences between the loffarilbrn? nf rt,. 
measured and computed values were obtained from the following formula. ^ 

Since log, (*+&)= log. 




* = jlogio (* + - logio nearly. 
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CUCUTTI BASE-LINE 
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CALCUTTA BASE-LINE. 


The middle point of the base-line is in Latitude N. 22° 40', Longitude E. 88° 25'. Azimuth 
of N. end at S. end=177° 11'. The line is 6-432 miles in length. It was measured under the 
directions of Captain G. Everest R.A., with the assistance of Captain Wilcox, Lieutenant 
Western, Mr. Logan, Mr. Taylor, Mr. Olliver and Mr. DePenning. The names of the remain- 
ing assistants who took a share in the operations cannot be traced from the Field books. The 
measurement was commenced at the S. end and carried on continuously to the N. end. No 
verificatory triangulation of the line was executed. 



INTRODUCTION. 


“ The base-line in the vicinity of Calcutta was measured with the new Compensation 
“ bars in 1831-32, that being the first occasion of their being practically tried in India, it was 
“commenced on 5tli November 1831 and finished on 28th January 1832. 

“ The line chosen was on a straight part of the Barrackpore road near Chitpore about 
“ 6 i- miles long, where two towers of 75 feet height were erected one at each limit so as to 
“ overtop the high trees and buildings in the suburbs, with a view to its subsequent connection 
“ with the triangulation. 

“ As the alluvial soil of the delta of the Ganges induced the supposition that those towers 
“ might sink, the precaution was taken of embedding a large stone at the distance of one complete 
“ set of bars from the point within the tower which marked the limit, both which stones were 
“ subsequently vaulted over, so as to admit of future reference. 

“ In the measurement, a stone was also embedded at the end of tlie 12th set of bars q) 
“ with the view of trying the same length by reineasurement after the wliole work was finished. 
“ The reference in this instance was made to the mark at the end of the first set and not to 
“ that within the tower, because the stability of the latter was suspected. 

“ The bars were compared with the standard A> 67 times before the measurement and 80 
“ times after the measurement. 

“ The comparisons in both these instances were made in a thatched building erected in 
“ the grounds attached to the Surveyor General’s Office, Chaoringhi, and at niglit, by lamp light, 
“ one of the reverberatory lamps with an Argand’s burner being placed at as great a distance as ad- 
“ mitted of its properly illuminating the microscopes ; but this plan is liable to the objection 
“ that the comparisons were made under different circumstances from those under which the 
“ measurement was conducted so that any defect or excess in the compensation would tend to 
“ vitiate the numerical value given by the measurement. 

“ The comparison of the microscopes was made on seven different occasions during the 
“ measurement, including those prior and subsequent. It is to be noticed that at this time the 
“miorometric apparatus appended to the six-inch scales was not in existence ( 3 ) and the only 
“mode of obtaining a value of these minute errors was by estimating them in terms of the 
“images of the wires in the eye pieces of the microscopes”( 4 ). 

(Taken from the General Report on the Calcutta Longitudinal Series by Lieutenant-Colonel G. Everest, R.A.) 


(1) Beckoning from tho South end. 

(2) i.e. on re-measurement. 

(3) The seven scales with micrometers attached were constructed subsequently to the measurement of tho Calcutta base. ^^ ^ 

(4) The value of the apparent image of the wire was found equal to ’0007 of an inch, Bor particulars see page Ixxxvii intro* 

duction to Colonel Everest’s account of the Meridional Arc of India, 1847. 



CALCUTTA EASE-LINE. 


Comparisons htwem ihe Standard Bar A and the Compensated Bars K C, D, Ej H, made 
at the Surveyor General’s Office Calcutta, lefore the measurement. 


f « 

3 *- 

Mean of tihe times of observing A 

p<( 

I 

*8 

Corrected mean temperature o£ A 

Mioeombtek Eeadiitgs IK Divisions. 

I Division = Cary’s.Inch [ 7 * 8 ], = 1*3819 m.y of A 

Bbkasbs. 

Mean 

A 

A 

B 

c 

D 

E 

H 

Mean of the 
compensated 
bars 

h. m. 


0 


, 



. 





5 th g 1 P.M. 

X 

73-50 

108*5 

203*9 

air*o 

209*5 

186*8 

193-7 

232*4 

206*2 

Capt. Everest 

10 6 

2 

72*57 

1 1 8*5 

aoo’a 

227*0 

203*6 

190*6 

195-5 

235-7 

208*8 

at the micro- 

10 57 

3 

72*40 

122*9 

200*7 

aaaM 

soo‘9 

189*6 

193*6 

230*0 

206*1 

meter micro- 


4 

72*07 

127*0 

197*8 

213*4 

198*3 

190*3 

188*6 

224*7 

202*2 

scope. 

6tlx 0 S3 AM. 

5 

71*62 

131*8 

198*6 

313^0 

199*1 

185*0 

192-2 

225*1 

20 r 2 


I ax 

6 

71*22 

137-4 

198*8 

213*0 

206*3 

189*5 

186*9 

224*0 

203*1 


7 th 6 41 P.M. 

1 

70*00 

119*5 

157-5 

171*1 

164*5 

147-4 

151*4 

189*0 

163*5 


7 32 

8 

59-77 

122*3 

157-3 

175-1 

159-7 

148*1 

154-0 

188*5 

163*8 


8 57 

9 

69*07 

130-3 

158*1 

175-5 

i6s*o 

153-3 

155-4 

189*0 

165-5 


10 22 

10 

68*17 

139*6 

153-7 

169*5 

157-3 

144*0 

150*2 

184*8 

159-9 


II 6 

IX 

67*65 

147-6 

255-2 

173*2 

160*5 

148*0 

150*6 

184*8 

162*0 


II 46 

12 

67*25 

154*8 

151-7 

170*6 

160*4 

148*5 

146-5 

184*1 

160*3 


8th It 27 P.M, 

13 

66*40 

152*1 

135-8 

163*5 

140*9 

139-3 

130-2 

164*2 

145*6 

Capt. Everest 

9 th 0 10 A.M* 

H 

67*40 

138*2 

148*4 

169*9 

155-0 

136*8 

135-9 

165*8 

152-0 

and Lieut. 

0 56 

15 

68*45 

124*9 

152*8 

176*1 

159-1 

146*4 

142*6 

172*8 

158-3 

"Wilcox at the 

I 46 

16 

59 'S 3 

113*7 

158*9 

175-7 

i66*i 

152*6 

147*7 

174*6 

i6s’6 

microscopes. 

2 36 

17 

70*47 

IOI*I 

159*8 

182*6 

165*0 

152*2 

148*8 

176*3 

164*1 


^ ay VM. 

18 

69*60 

1 1 1*9 

155-0 

164*6 

154*6 

144*2 

142*2 

175*8 

156*1 

Mr. Taylor at 

8 8 

19 

69*17 

it6*5 

156*2 

165*0 

155-4 

143*0 

1384 

173-5 

155-* 

the miorome- 

8 47 

20 

68*87 

123*1 

157*1 

163*6 

151*0 

143*2 

139*0 

176*0 

155-0 

ter micro- 

9 3 & 

21 

68*72 

129*8 

154-5 

162*3 

148*8 

140-5 

139-5 

176*2 

153-6 

scope. 

10 30 

« 

22 

58-55 

132-7 

144-0 

164*0 

145*0 

126*2 

140*0 

165*0 

147-4 


10 49 

23 

68*25 

135-5 

149-0 

165*8 

150-0 

136*2 

141-7 

171*2 

152-3 


TI 14 

24 

67*80 1 

136*6 

147-- 

160*6 

149*4 

138*7 

134-2 

167*8 

149*6 


11 47 

^5 

68*20 

121*1 

151*8 

172*1 

153*0 

146*4 

135-2 

165-3 

154-0 

Mr. OUiver at 

lioth 0 3J5 am . 30 

69*40 

103*8 

165*0 

172*7 

163*4 

1 3 <5-3 

143*1 

168*1 

158-1 

do. 

I JO 

27 

70*27 

93-5 

152-7 

175-2 

163*0 

144*2 

135-0 

170-4 

156*7 


1 49 

38 

71*10 

86*6 

i 57-<5 

177-3 

163*5 

146*4 

144*0 

171*6 

i6o*r 


1 71 P.M. 39 

71*07 

89*3 

i 54 -<S 

167*6 

153-4 

142*0 

136*0 

176*0 

154-9 

Lieut.Westem 

7 42 

30 

70-57 

96*9 

153-5 

165*0 

148*0 

136*0 

141-5 

176*3 

153-4 

i at do. 

8 21 

31 

70*05 

105*2 

150*8 

166*0 

146*2 

138*0 

142-5 

175*7 

153-2 


9 49 

32 

69*27 

120*5 

149-5 

168*0 

146*0 

140*0 

142*0 

174*2 

153-3 


10 30 

33 

o 8'97 

/CO .4 i. 

125-5 

145-9 

162*8 

149*0 

134-5 

139-5 

168*5 

150*0 


10 50 

34 

68*57 

131-0 

149-5 

164*8 

151*0 

134-0 

139*6 

171*0 

151-6 





BAR COMPARISONS. 


I 


Before tlie measurement — (Continued.) 


1831 

^N’ovr. 


I 

g 

«3 

•s 


I 




s 

I" 


tM 

o 

a 


E3 

S 

CD 

I" 

5 


O 

0 

1 


Miceometeb EBADiNaa in Divisions. 

; Ctivy’H liif.U [7'H], I'lWKi m.v of A 


1 Division 


I 

' 201 ) 1 ) 1 ) 


Moan 

A 


B 


C 


B 


E 


H 


tM i ... 
O /j 

r. 'V 

.«W fcl 




h m. 


0 










Util 0 29 A,M. 55 

57-97 

142-2 

• 15^7 

i 68 -o 

149-2 

137-8 

137-6 

i 68'6 

152-3 

Mr. 'rn.vl.tr 

I 9 

36 

67-72 

142-9 

i.55‘8 

i 6 r 8 

i'54'ii 

135-0 

I 38 ’B 

176-7 

15,5-7 

iiiD ruiitrii-' 

1 3 a 

37 

^7'45 

141-3 

i 6 i-o 

163-7 

146-2 

133-4 

138-0 

171*2 

I 5 a '2 

HH'fi'i- mimo 

I 54 

38 

6J'12 

142*0 

153-5 

159-6 

154-0 

120-0 

126-6 

i 7 ri 

147-5 

i3ii'3 

«ro|K!. 

2 21 

39 

56-87 

138-0 

138-0 

138-0 

129*0 

116-2 

U 2*0 

150-5 


3 4 

40 

66-70 

i35'5 

1 . 31*0 

144-5 

135-0 

113-8 

1 1 7-0 

151-5 



4 IX 

41 

65*2 5 

90-4 

77-5 

92 *a 

85-2 

64*0 

66*4 

K)l *5 

9:1*0 

8 i-i 


4 31 

42 

6 J 17 

93’ I 

75'4 

99-2 

80*4 

68-6 

73-0 

8 1*6 


4 31 

43 

00*12 

96 'o 

78-2 

96-4 

8 o -6 

64-3 

69-8 

102-2 

81-9 


6 29 P.M. 44 

7o'97 

28-8 

85-8 

104-7 

9 1 '3 

71-6 

79 ' 1 

io 8'3 

90*1 

Mr. Ollivtfi- lit 

7 J 

45 

70-97 

27-9 

90-9 

104-6 

90-2 

77-3 

75*0 

I 1 I -0 

91-5 

iiitto. 

7 33 

45 

70-92 

29*0 

92-5 

io 8-6 

94-1 

78-2 

82-2 

II 0‘2 

94 '3 

8 2 

47 

70-82 

31-5 

9^-5 

105-4 

88-8 

76-7 

79-4 

1 107 



8 33 

48 

70.60 

32-8 

92-7 

103-6 

84-8 

76*2 

75-0 

iM-g 

90-7 


9 4 

49 

70-32 

37'o 

87-2 

103-7 

85-4 

70-6 

Bo '2 

io 6‘8 

89*0 


9 315 

■ 50 

69-97 

43‘i 

88-1 

102-3 

90-4 

71-2 

77-9 

105-6 

81/2 


10 10 

51 

69'57 

48*0 

84-0 

loi'a 

88-8 

70*6 

71*2 

io'}*B 

86 -6 


10 44 

52 

69-00 

55'o 

86 '0 

95'^ 

89-1 

65*0 

71-7 

101-8 

84*8 


II 19 

53 

68-47 

63-8 

82-0 

97-2 

82-0 

62-2 

71-0 

lor? 

82*7 


i2th 0 54 A.M. ^4 

57-I7 

?«-5 

75‘8 

94-5 

82-2 

59' 7 

64*2 

101*2 

70'*6 ; 

Limit. Wilcdi 

I 41 

55 

66’6^ 

82-5 

71-4 

95-i 

84-0 

60*9 

67.3 

97-7 

79*4 

111 , ilitti). 

2 20 

5<5 

66-27 

85'3 

78-6 

93-3 

82-1 

64-6 

70-7 

97*0 

81*0 


3 9 

57 

65-92 

9i'i 

8 o '3 

93-2 

84-3 

65-5 

63*3 

94' 7 

8 o '2 


3 54 

58 

<^5’SS 

97'a 

72-8 

94-1 

78-1 

61-7 

61-7 

95 'o 

77-2 


4 39 

59 

65-12 

100-9 

74-0 

89-7 

77-8 

56-0 

60-4 

90-2 

74-7 i 


7 II P.M. 60 

7 41 6 i 

8 20 52 

n . , 

68'72 

68-5o 

68-35 

140 - 1 

141 - 9 
146-0 

169-0 

165-0 

170*0 

180*0 

183-0 

182-3 

165-5 

163-5 

171-0 

154-0 

148-9 

157*2 

155-5 

1 . 56-0 

152-0 

183-5 

iHB'o 

iHB-o 

167*9 
167-4 
170*1 1 

Limit.. WrKtr«L 

lit ditto. 

0 55 

03 

68-07 

i5o'3 

163-0 

178-0 

163-0 

148-0 

155-0 

186-4 

165-6 


9 23 

04 

67-82 

154-0 

169-4 

183-0 

167*0 

146 '; 

155-0 

184-5 

167*6 


9 53 

10 24 

<55 

66 

67-50 

67-20 

158-7 

161-4 

166-5 

164-7 

177-0 

180*0 

161-7 

1 597 

145-5 

151-5 

151-3 

ICCO 

1 86' 7 
iBa'o 



10 53 

6f 

66-92 

164-1 

164*0 

177-5 

i 6 i-o 

145-0 

151-0 

184-5 

,) 

163-8 ^ 


Means, ... 

68-80 

110-72 

138*39 

153-59 

139-68 

1 2471 

126-98 

i.59‘49 

X 40 4 y 

; 



CALCtltTA BASE-LINE. 


T 

Before the meamremmi^{Qmihmj^A,'} 

Let the mean leng^th of the compensated bars minus the Standard A at 62 he denoted’ 
bj X, and the observed, excess of the compensated bars by S< when the temperature of A is f, 
i’hen, the expansion of A for 1° being we have 

_62T(ir-^irj_s = d 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results 


«?-ir5o (E^ 


= 

0 

0 
7^ 

1 


*)+54'3 = 0 

10-57 


+ 90‘3 = 

0 

iJ?— 8-37 

yy 

+53-2 = 0 

ji?— 10*40 

yy 

+ 83-3 = 

0 

a;— 9‘io 

yf 

■f 73'5 = 0 

10*07 

yy 

+ 75’3 = 

0 

ap— 9*07 

yy 

-455-5 = 0 

ar*- 9*63 

yy 

+ 70-4 se 

0 

a?- 8-57 

yy 

4-55*5 = 0 

9*33 

yy 

+ 65-7 3 s 

0 

*-8-03 

St 

-448''o = 0 

8*00 

yy 

-f 44 *o = 

0 

a?— 7'37 

Si 

4-32-8 = 0 

SB— 7*77 

yy 

-f 41-5 = 

0 

0?— •6-97 

yy 

4-24-5 = 0 

w— 7*07 

yy 

+35-3 =- 

0 

a?- 6‘57 

yy 

-420*5 = 0 

ee— 6*17 

yy 

+ 30*3 s= 

0 

^-3'97 

yy 

-410*1 =r 0 

a?- 5-55 

yy 

-4 14*4 

0 

a!- 5'73 

yy 

-410*8 = 0 

w- 5-35 ■ 

yy 

+ 5'5 = 

0 

a?- 5'45 

yy 

4- 10*9 = 0 

a?— 4*40 

yy 

- 6*5:= 

0 

a?- 5 U 3 

yy 

4 - 5*5 = 0 

d?- 5*40 

yy 

+ 13*8 = 

0 

07—4-87 

yy 

- 5*7 = 0 

fl?- 5*45 

yy 

+ 33’4 - 

0 

07—470 

yy 

•f 

- 3*4 = 0 

a?-. 7*55 

yy 

•f 48*9 = 3 ; 

0 

a?- 4*25 

yy 

~ 9*3 = 0 

8-47 

yy 

-453-0 as 

0 

07— 4*17 

yy 

-11*5 = 0 

x — 7 * 5 o 

yy 

+ 44 *^ ~ 

0 

a?— 4*i'i 

yy 

—14*1 = 0 

a?— 7*17 

yy 

4- 38-7 5= 

0 

07—8-97 

yy 

4-5i*3 = 0 

a?— 5*87 

yy 

+ 31*9 = 

0 

07 - 8*97 

yy 

4-53*5 = 0 

«■— 5-73 

yy 

4-33*8 3= 

0 

a?— 8*92 

yy 

4-55*3 =: 0 

a?- 5-55 

yy 

• 414 * 5 ' - 

0 

07 - 8*82 

yy 

4 - 5 o *7 — 0 

5-35 

yy 

4-i5*8 ss 

0 

07 — 8 ‘ 5 o 

1 

yy 

-b 57‘9 - 0 

' ^*80 

yy 

- 4 13*0 == 

0 

07 - 8*32 

yy 

-453*0 s= 0 

5 -ao 

yy 

-432*9 = 

0 

07— 7*97 

yy 

4-45*1 = 0 



BAR COMPARISOKS. 


I. 


■7 


Mefore tjie measwrm 5 »if”*-(Oontinuecl), 


57 - 7-57 cEa - dEj+^S-S = 0 

57 — 6*79 fEf;^ 

— dEj + i7‘B = 0 

1 

d 

0 

%>• 

4 - 99-8 = 0 

aj— 6 - 6 o 

3$ 

495*5 = 0 

sh-6-47 » 

4 - 18*9 = 0 

57 - 6-35 

33 

4 94*1 = 0 

X-S-I7 » 

4 - 3-1 = 0 

57 — 6*07 

33 

4 15-3 »■ 0 

a?_4*65 „ 

- 3“i = 0 

57 — 5-89 

33 

4 13*6 m 0 

a?-4'27 « 

- 4-3 = 0 

^ "“S'SP 

33 

4 6*1 =s 0 

a7'.-^*9a „ 

— 10*9 = 0 

57 — 5-90 

33 

4 4 ‘J- — 0 

®'*"3'55 w 

— 90-0 = 0 

57-4*92 

33 

— ©‘3 as 0 


--96-9 = 0 




And from the^ mean of these results. 





i 

a; : = 2975 + 6* 80 (l*^ dJS ^): 


adopting the original valne of the expansion of A given at page (0), 

m.y d 

K = = i 6‘4 o 5» 

d m,y 

and a:. = 8i*Rq ■— 6 ' 8 o dJE^ = ii 3'04 — 6 ‘ 8 o, dF^ ss B — A» 

where L denote® the mean length of the compensated bars obtained from all the compariHOJiB* 
as represented by the mean micrometer reading — 140 - 47 , page I— ^ 

Comparing this reading with the moan reading of each compenaated bar given on tlio 
same page we obtain the following : — . 


In terms of 

A-L B-L C-L D-h l-I* II -L 

Micrometer diyisions. 

Milhonths of a yard. 

4 - 9 "o 8 — 43*19 4 ’ 0'79 +:i 5*76 + 13*49 — lyoa 

+ a '87 -jB*I 3 4 - 1-09 + 91*78 + 18*64 - 96*98 


Also combining the values in. tliis table with the equivalent of L— A above determined 
there result, 


A - A = 83-88 - 6-80 dE^ = ii 5 ' 9 i - 6-8o dF 
B — A = 68-68 — „ = 94*91 ^ 

C-A = 8r59« „ =ij4’I3- „ 


a 

D - A = 97-56 - 
E A == 95-^9 ~ 
H A s 6*78 — 


* 

and 6 * = 678-4 - 45-8 dE 


6 ’ 8 o dB^ 

*1 

n 


my 

=» 134*89 — 6>BadE^ 
m 131*68 — „ 

m 8676 — ,, 




CALCUTTA MSE-LIHE. 


Comparisons heiweon Standard Bar A and the Compensated Bars Aj Bj, C, J), Ej 
at the Surveyor GmeraVs Office Calcutta, after the meamrement 


MlOBOMErEE Eeiein&S IK DiVISIOKS, 



1 Division Cary’s Inoli [ 7 ' 8 ], = 1-3819 m.y of A 


Eesiabks, 


E H 


ra , 
O q OT 

S 


A m 

7 34 JP-M. 

8 IQ 

8 s 6 

9 5^ 

10 IQ 
10 4$ 

11 13 
II 49 

0 36 A.M. 

1 6 

1 41 

% 17 

2 46 

3 47 

4 18 

4 .63 


P.M. 17 
18 


7 20 

7 415 

8 17 

8 45 

9 I 

9 20 

9 39 

10 6 

10 35 

11 I 

II 26 
II 44 

0 30 

1 41 

2 27 

3 7 


7 31 P.M. 3,5 

7 59 3<5 

8 25 37 

9 26 38 

9 49 39 

10 12 40 

10 33 41 


64-80 

64‘32 

<5375 

627a 

62‘27 

6177 

6 r 27 

60-85 

60-25 

59-97 

59-70 

59-.37 

59'I2 


i8o-o 

i86'8 

192-5 
ai2'o 
220-8 
227-3 
a 30-5 
a. 35-0 
251 -0 
352-0 

355-3 

261-8 

264-0 

201-3 

205-3 

210*0 

77 - 0 

78- 8 
88-5 
95-0 

■104*3 

114-0 

ii6-a 

129-5 

133*5 

137-0 

148-3 

152-8 

167*4 

172*4 

i8ro 

190-8 

196*7 

203-5 


190- 0 
186-0 
187-0 
184-5 

191 - 5 

194-0 

189-0 


135 - 5 

138-0 

136- 0 

154-5 

13 . 3-5 

132-0 

131-5 


Jt 55 -o 

162*0 

169-5 

161- o 

162- 5 
i< 53-5 
158-5 

160-0 

172-0 

L 7-0 

162-0 

158-0 

l6o-0 

QI'O 

99-0 

99-0 

103 - 5 

92-0 

104 - 5 
97-0 
102*5 
97-5 

104-4 

102-5 

100*0 


139- 9 

144-4 

144-3 

142- 9 

144-5 

140- 3 

1 39 - <5 

140- 8 

143 - 7 

139 - 4 

140 - 8 

141 - 3 

142- 5 

75-1 

74-2 

74-3 


mi 

192- 3 
194-1 

193 - 5 
197-1 

194 - 1 

194*1 


Capt. Everest 
at the micro- 
meter micro- 
scope. 


Lieut.Westem 
at do. 


Mr. Taylor & 
Mr. Logan at 
the micro- 
scopes. 


Capt. "Wilcox 
at the micro- 
meter micro- 
scope. 




BAB COMPARISONS. 


9 

After the measurement — (Continned.) 
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.g 


< 

Cm 

0 

0 


MicnoMnisB 

BEADING'S IN 

BI VISIONS. 




<D 

Kn 

3 

s 

■s 

f-t 


1 Division = Cary’s Inch = 1'3819 m.y, of A 




1832 . 

V. 

1 

CD 

.2 










o 

DQ 

(D 











Jan. 


0 

Q 

s 








2^ 




0 

1 

Mean 










Q 

sl 

rd 

■w 

A 

A 

B 

C 

D 

E 

H 

4 h 05 na 

g 



g 

CD 


Q 

CD 

h 








CD S 

as 
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36 th 

A m 

10 53 P.M. 

42 

« 3 ° 8 j 

244-5 

189-5 

2 o 5'5 

194-0 

173-5 

187-5 

214*0 

194*0 

Capt. Wilecs 


II X4 

43 

53-40 

250-0 

183-5 

3 o 8*0 

184-0 

175-0 

184-0 

217-5 

193*0 

at the micro- 

S 7 th 

II 35 

44 

63-00 

258-5 

186-5 

2iro 

195-5 

174-0 

183*0 

2iro 

193-5 

meter mie : 

0 l6 A.M. 

45 

5 a-ia 

279-5 

198-5 

205-5 

185-5 

173-0 

183-5 

2 Ij'O 

193-5 

Lieut.Western 


0 39 

46 

6 i- 6 y 

376-0 

188-0 

212*0 

1 86-0 

177*0 

195*0 

218-0 

196-0 

at do. 


I 5 

47 

61-23 

277-5 

184-0 

214*0 

19 1 ‘O 

173*0 

184*0 

213-0 

1^*0 



I 37 

48 

60-57 

290*0 

184-0 

217-0 

i88-o 

176*0 

190*0 

aio'o 

I 94 *a 



a 9 

49 

60-03 

296-0 

189-0 

2iro 

201*5 

175-0 

187*0 

222*0 

197-6 



a 33 

50 

59-80 

301-5 

190*0 

317-0 

191-5 

174-0 

182*5 

216-0 

195*2 



3 7 

51 

59 ' 4 o 

309-0 

I 9 S -0 

213-0 

201-5 

172-5 

i8o*o 

214-5 

196-1 



3 39 

5 '-i 

59-03 

311-8 

179-0 

2r4"o 

199-0 

171-5 

182*5 

aio'o 

193*7 



4 5 

53 

58‘77 

314-8 

187-0 

205*0 

189-0 

174-0 

i88*o 

212'0 

192*5 



4 33 

54 

58-57 

320-5 

IpI'O 

217*0 

197-0 

172*0 

193-0 

a 09*0 

196*5 



7 23 P.M. 

55 

68'87 

169-8 

1 83 '5 

205-5 

190-5 

178-0 

177-5 

222-5 

193*9 

MCr.DoPeimng 


7 SO 

5 ^ 

68-27 

176- 5 

177- 6 

181-4 

195-4 

186-0 

165-0 

183-7 

223'8 

189-1 

and Mr. Logan 


8 la 

57 

68'03 

185-0 

2 o 6’3 

187-5 

172-2 

177-0 

217-3 

190-9 

at tlio micro- 


S 54 

58 

67-33 

183-3 

i88-7 

204*0 

184-3 

173-7 

185*4 

215-3 

191-9 

scopes. 


9 14 

59 

67-07 

191-2 

187*0 

303*4 

191-5 

171-5 

189-4 

218-5 

193-6 


9 34 

60 

6&80 

199-5 

187*2 

302*5 

187-9 

173-2 

182*0 

215-5 

191*4 



9 59 

5 i 

66-40 

204-0 

191-5 

300-4 

194-8 

173-4 

184*0 

2 1 '7-5 

193-6 



lo 23 

5 a 

66-02 

212-2 

i86*5 

205-3 

190-5 

168-4 

187-5 

216-7 

193-5 



10 57 

63 

65-47 

216-6 

191*2 

30 ro 

190-0 

165-0 

178*5 

2i8'2 

190-7 


28 tK 

II 20 

54 

65-17 

219-7 

189*0 

303-0 

185-3 

172-6 

i8o*o 

214-9 

190-8 


0 34 A.M. 

<55 

64-37 

241-3 

190-8 

212-7 

196-8 

174-3 

i8o*3 

214-3 

194-9 

Capt. Wilcox 


I 12 

65 

63-80 

249-9 

187*8 

210-8 

195-0 

176-3 

182*5 

217-5 

195-0 

at tliG micro- 


I 49 

57 

63-37 

255-5 

194*7 

212-3 

194-0 

180-4 

187-6 

214-5 

197-3 

meter micro- 


2 27 

58 

63-10 

259-2 

193-8 

207-0 

194-3 

175-9 

i 86'3 

210-9 

194-7 

scope. 


3 <5 

<59 

62-77 

264-8 

192*8 

214-3 

196-0 

173-0 

187-1 

218-0 

195-9 


3 42 

70 

63-47 

265-3 

196*4 

217-2 

199-5 

179-0 

185-1 

216-7 

199-0 



4 20 

71 

62-35 

266-3 

194*5 

210-0 

194-8 

178-6 

186-9 

214-2 * 

195*5 



4 59 

72 

63-32 

370-0 

191*9 

218-1 

198*0 

1 80 -a 

1 88-8 

219-2 

199*4 



7 22 P.M. 

73 

69-50 

165*3 

194*5 . 

303-0 

195*0 

184*5 

183-5 

221*5 

197*0 

Mr. Taylor at 


7 39 

74 

69-30 

168-5 

196-5 

2o6'5 

198-5 

i8ro 

193-5 

225*0 

2oa*a 

do. 


7 57 

75 

68-97 

167-5 

198-0 

212-0 

205-5 

179-5 

192'0 

220*0 

201 “2 



8 37 

75 

68-12 

184-5 

i86-o 

214-5 

197-5 

183*0 

191-0 

218-5 

198*4 



8 S3 

77 

67-97 

190-3 

205*5 

213-5 

313-0 

188*0 

199-5 

31 8-0 

ao6*x 



9 9 

78 

67-70 

193-0 

188-5 

221-5 

192*5 

184*0 

196-5 

221*5 

300*8 



9 20 

79 

67-37 

201-3 

190-0 

207-5 

205-0 

175*0 

I92’0 

324*5 

199*0 



9 45 

80 

66-87 

206-5 

305*0 

218-5 

201*5 

178*5 

181-5 

22 0*0 

300*8 



Means 

* # t 

63-52 

210*05 

148-85 

167-85 

153-26 

i 35’26 

143-88 

176*67 

154-30 
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CALCUTTA BASE-LINE. 


After the memwement — (Continued.) 

As on page I — 6 we have 

(f - 63 “) (jE^ ~ dH^ ~ S = o; 

and from the preceding bar comparisons, we obtain the following series of results 


a?— 3* 80 (-E^ — 

dJEf) — 40-1 = 0 

a?— 3‘33 

JJ 

— 43*4 = 0 

a?- 175 

JJ 

— 48*3 = 0 

a?— 073 


— 6 g-i = 0 

a?— 0-37 


- 76-3 = 0 

a? 4 -o '33 


— 87-0 = 0 

a?-fo 73 


— 90-9 = 0 



— 94’2 = 0 

a?-Hi 75 

3^ 

— 107*3 ~ ^ 

a?-]- 3*03 

39 

— 113*5 = 0 

a? -1-3*30 

3 } 

- 114*5 = ° 

a?-f 3*63 

39 

— 130*5 = 0 

a?+ 3*88 

39 

— 131*5 = 0 

a? -f 3*35 

39 

—135*3 = 0 

®+ 3‘45 

39 

-131*1 = 0 

a?-f 3'8 o 

39 

-135*7 == 0 

a?— ■5-03 

39 

^*0 sn: 0 

a?-’4*8o 

39 

- 7*4 = 0 

a?- 4*33 

39 

— 10*7 = 0 

a?— 3*90 

39 

— 33*3 = 0 

ie—y $1 

39 

— 30*5 S= 0 

3*33 

39 

— 41 *5 = 0 

a?~3*8o 

39 

- 39*4 = 0 


39 

- 597 = 0 

»- 1»55 

39 

— 54*3 = 0 

a?— o'93 

39 

— 55*1 = 0 

a?— 0*33 

39 

— 73*7 =5: 0 

a?— 0’Q5 

39 

— 83*1 — 0 

a?-f 1*30 

39 

— 91*4 = 0 

a-f 170 

39 

— 98*0 0 

afH- 3 *i 3 

39 

— 109*9 — 0 

i?-l- 3*58 

39 

— 131*4 = 0 

a? -f 3-00 

39 

- 135*4 ” 0 

«+ 3 ‘ 4 S 

» 

— 135*5 K= 0 

a?- 5*33 

39 

+ 3*3 5= 0 

af— 3 'QQ 

39 

— 3*3 = 0 


39 

— 8*3 — 0 


39 

— 34*0 =: 0 

«?- 3 -o 5 

39 

— 38*4 = 0 

JP— 3*53 

,39 

-397 = 0 



0 

11 

! 

1 

a!— 1*85 

93 

*“ 5 o ‘5 = 0 

a?— 1*40 

93 

0 

11 

0 
00 

1 

a?— 1*00 

93 

— 65-0 = 0 

a?— 0*13 

93 

0 

11 

0 

00 

1 

a?+o *33 

99 

— 80*0 = 0 

a? -+0*78 

99 

*“ 84'5 = 0 

a?-+ 1*43 

99 

- 95’8 = 0 

a?-f 1*98 

99 

— 98*4 = 0 

a?+ 3*30 

99 

— io5*3 = 0 

a? - 43*50 

99 

— 133*9 “ 

a? -43*98 

99 

— 319*3 = 0 

a?+ 3*33 

99 

— 133*3 = 0 

a? 4 3*43 

99 

— 334*0 = 0 

a?— 6*87 

99 

-4 33*3 ~ 0 

a?— 6*37 

99 

+ 13*5 = 0 

a?— 5*03 

39 

4 13.3 = 0 

a?— 5*33 

99 

+ 8*7 = 0 

a?- 5*07 

79 

+ 3*4 = 0 

a?— 4*80 

99 

— 8*3 = 0 

07—4*40 

99 

— 30*4 = 0 

a?— 4*03 

99 

- 39*7 = 0 

07 - 3*47 

99 

- 35*9 = 0 

57-3*17 

99 

— 38*9 = 0 

37—3*37 

99 

— 4^*4 ~ 0 

37—1*80 

99 

- 54*9 = 0 

37 - 1*37 

99 

- 58-3 = 0 

37 — 1*10 

99 

— 54-5 = 0 

a?-o *77 

99 

— 57*9 = 0 

97 — 0*47 

99 

— 55*3 = 0 

97 - 0*35 

99 

- 59-8 = 0 

97 — 0*33 

99 

— 70*5 = 0 

a;- 7 * 5 o 

99 

+ 33*7 = 0 

97-7*30 

99 

+ 317 = 0 

97 — 6*97 

99 

+ 337 = 0 

97—5*13 

99 

+ 13*9 = 0 

o ^- 5'97 

99 

+ 35*8 = 0 

97-5*70 

99 

+ 7’‘8 = 0 

97-5*37 

99 

- 3*5 = 0 

97 — 4*87 

99 

- 57 « o. 



BAR COMPARISONS, L 

1 1 

After the memwemmt — (Contiaued.) 

The mean of these results gives, 

i 

« = S 6 ' 1 S + 

Adopting the original value of the expansion of A given at page (9) 

= 22-67 = i 6’405, 


d %.y 

and X = 80-69 — 1*52 =111*51 — = L — A. 

Proceeding as on page I — ^ we obtain : — 


In terms of 

A-L 

B-Ii 

C-L 

D-L 

E-L 

H-L 1 

Micrometer divisions. 

+ 5-45 

-13-55 

■f 1-04 

+19-04 

+ 10-42 

- 22*37 

Millionths of a yard. 

+ 7*53 

—18*72 

4 - 1 -44 

+26-31 

+ 14-40 

-30*91 


Also the following, 

i m.y d my 

A - A = 86-14 — 1-52 dM^ — 119-04 — 1-52 dE^ D — A = 99-73 -- 1*52 dE^ = 137-82 - r52 dE^ 

B-A = 67*14- „ = 92-79- „ E- A =91-11- „ =125-91- 

C-A = 81-73- =112-95- li- A =58-32- j, = 8o-6o- „ 

'my 

and 62; = 669-1 — 9*1 dE ^^ 


Deduction of the total length measured by the compensated bais. 

m.y 

Trompage I — 7 the excess of the 6 compensated bars above 6 times A before the meast. = 678-2 — 40-8 dE^ 
And as above ,, „ after „ = 669*1 - 91 'dE^ 

Therefore the mean excess of „ applicable to the base-line = 673*7 - 25-0 dE^ 

Also the mean length of a set of 6 compensated bars in feet of the standard = 60-0020211 ^ — n^'odE^ 
And the total length of the 539 seta measured by the compensated bars = 32341-0894^— 13475 

Now the mean temperature of A during the bar comparisons -was 62“ -I- — ^ = 66°-2) for which tem- 
perature the corresponding expansion of A from page (19) is 21-674 Comparing this value of expan- 
sion with the original value = 22*67 m.y., -used in the foregoing, if is found, that dE^^ = -f 0-996 m.y,-, 
and sahstitnting for dE^ this mimerical valme, there results, 

The total length of the 539 sets measured by the compensated bans = (33341*0894 — 0-0403) ^ 

= 3W049I^ 




I 


CALCUTTA BASE-LINE. 


— 12 


Comparisons letmen ihe Compmsded Mwrompes and the &-inch hass scale A, and provisional 
determination of microscope errors, during the measurement, expressed in millionths of an inch (rn.i.). 





CALCUTTA BASE-LTKE. 


Microscope Comparisons — (Continued.) 

The required combinations of individual microscope errors taken from the precedino- 
page, are expressed as follows ; ^ 


Reference mmUrs. 

^1= 1+ 2 + 3 + 4-i- ^4- 


h— 8 + 9 + 10 + II 4- 13 + — 

% 

eg =: 15 + ijf 4 |8 + 19 4 20 + — 

2 

= 16 4 4 18 4 19 + 20 4 

2 


6+7 

2 

m,L 

= + 47 Jt? 

nea% iemp : 

.0 0 

at (02 • + 13 ' 6 ) before the measurement 

13 + 14 

3 

= + 779 

at (53* + 9-9) betweea sots 

149 A: ijjo 

ai-f 23 

2 

= — 883 

at ( 5 a’ + 13.0) 

7 ) 

rpa & 193 

21 + 33 

2 

= + 1337 

at (53’ + 13 'o) 

y) 

97 

18+29 

2 

= +iioo 5 

at (53* + 13 ’3) 

77 

287 & 388 

3 J+ 3<5 

3 

= + 1587 

at (53’ + 6*7) 

97 

404 & 405 

42 + 43 

3 

= + 174^ 

at (53* + 8’ 3) 

f 7 

499 A 300 

52 + ^3 

3 

= + 1730 

at (53’ + 9’3) after the meaBaxeKaonfc 

.52+3:3 

2 

si + 3418 

at (53* + 9-3) 

77 



And from the foregoing, we obtain the following equations for the microseop© errors 
per set (or m.e ) ; where dE expresses the error in the adopted value of the expansion for the 
6 inch scales. 


(? *T ^ 

(w.e.)i = = + 2748 — 6 X ii.^dJE applicable to sets Nos. x to 149. 


(m.e.% = = — j 3 — 6 X irjc?^ 

(m.e.% = = + 6173 — 6 X 13-3 

(w.c.)^ =s AILj sss -p 6297 — 6 X lo’odB 


(; w.«.)5 = - 4 ^ = + i6 < S6 - 5 X 

(wi.C.)! ~ ®7"|'^8 _ _i_ ^ .. 0.0 JT> 


►g = J2U = + J738 - 5 X Z'ZdB 

Qt 


t, 150 to 193, 

J, 193 to 387. 

„ a88 to 404. 

» 403 to 499. 

„ 300 to 339. 


as fg =5 + 3418 — fix 9’3 d® applicable to the 11 sets re-measured. 
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—14 

Microscope Comparisons — (Continued.) 

Hence the total microscope errors are as follows, 

m.i feet of A 

In sets Nos. i to 149 = 149 =-1- 4094^2 — 10102 dE =+ o'034i — 10102 dE 

1^0 to 192 = 43 =— 2236 — 2967 dE =-- 0-0002 — 2967 dE 

193 to 287 = 93 ■=+ 386340 — 7324 =-f 0-0489 — 7324 dE 

288 to 404 = 1 17 —+ 736749 — 7020 dE 0-0614 -■ 7020 dE 

403 to 499 = 93 (m.e.)5 =4' 138270 — 4273 dE =+ 0-0132 — 4273 dE 

300 to 339= 40 = -^ 69320— 2112 =+ 0-0038 — 211% dE 

And the total microscope error in the base-line^ -4 0-1632 — 34000 dB 


Pinal deduction of the total length measured by the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally ; i.e. in terms 

of the 6~inch standard scale A, But from page ( 31 ), 2 A=z 1-0000192 ^ value in 1835 . Also, 

the co-efficient of expansion for brass, has been taken at '000,010,417 in the foregoing reduc- 
tions, whereas it appears from page ( 17 ) that a more probable value is -000,009,833. Accepting 
the latter, it may be found that = 3-372 (mi). Hence, remembering that a set of mi- 
croscopes, apart from all corrections, represents 3 feet in length, we have 

The total length of the 539 sets ) , ^ , 

measured by the compensated microscopes j' — l 539 X 3 + o'^^ 3 ^j-- 34ooo dE 

= (1617-1943 - 0*0096) § 

= 1617*1847 ^ 


Disposition of the bars and microscopes during the measurement. 

The field books contain no information as to the order of succession ip which the bars 
were laid, or as respects the places assigned to the microscopes during the measurement. It is 
however perfectly clear that every set comprised 6 bars- and 7 microscopes ; only one-half of 
t e rear-end and advanced microscopes, as usual, being operative. It will be remembered that 
this was the first base-line measured in India with Colby’s compensation apparatus, and some of 
e information with which subsequent measurements are complete, is here absent, no doubt 
irom the want of oxperieuce which was acquired an after operations of the same kind. 



CALCUTTA BASE-LINE. 


DETAILS OF THE MEASUREMENT. 


■15 


Extraets from the Field Book of the Measurement , mi edculaied JSdgUs of 

sets above the origin. 

Adopted heights above mean sea level* 

South End (origin) = 13*0 feet. 

North End (terminus) = 16*3 feet. 
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CALCUTTA BASE LINE. 


Extracts from the Field Booh — (Continued.) 


1831 

]?o.of 
the set; 

Mean time of 
eading 

i 

•t! SJ 

0 1 

ft 

Height of Set 
aboye origin 

1831 

No. of 
the set 

Mean time of 
ending 

CH 0 ■■ 




izi 





''A 


Dec. 5tli 


83 

h m. 

4 15 P.M. 

84 

5 31 

85 

7 52 A.M. 

86 

8 43 

87 

9 37 

88 

20 32 

89 

I 40 P.M. 

90 

2 19 

93 

3 8 

9 * 

3 50 

93 

4 38 

94 

7 15 A.M. 

95 

8 0 

96 

8 40 

97 . 

9 37 

98 

jo 28 

99 

1 30 P-M. 


5 3 

>j 22 At]!ir, 

8 3 

8 43 
$ 20 

9 57 

1 29 P.M. 

3 15 


8 o A.H. 

8 40 

10 I a 

I 42 P.M. 
3 30 

3 '7 

3 54 

4 ^3 
4 55 

J 28 A.M, 
8 la 

8 50 

9 30 

10 a 

1 18 P.M. 
I 50 
a 34 


Dec. lOth 133 

334 

335 

J[ 3 <S 

12th 137 
138 

339 

140 

343 

142 

343 

344 

345 

140 

347 

348 

349 

14th 350 

353 

353 

353 

154 

355 

356 

357 

358 

359 
160 

i5i 

163 

15th 163 

164 
3(55 
166 

i6‘] 

j68 

i6g 

170 

373 

16th 1 32 


A. m, 
a 56 P.M. 

6 

feet 

+ 39 

3 34 

6 

4’o 

4 7 

6 

3-8 

4 47 

6 

37 

7 3 3 A.M. 

6 

3*<5 

8 0 

6 

3-<5 

0 ^ >5 

8 49 

6 

3 ‘4 

6 

3'3 

9 24 

6 

3‘a 

9 5^ 

6 

3’a 

3 33 P.M. 

6 

2 '9 

^ 55 

6 

a’O 

a 38 

6 

27 

3 I 

6 

%6 

3 38 

6 

4 20 

6 


>5 5 

6 

a '4 

8 3 A.M. 

6 

a-3 
2 ‘3 

S 34 

6 

9 3 

6 

a ’3 

9 30 

6 


10 10 

6 

^•5 

I 25 P.M. 

6 

I 57 

6 

v/ 

a 30 

6 

2*4 

3 3 

6 


3 3a 

6 

a *6 

4 0 

6 

27 

4 3o 

6 

27 

4 54 

6 

^*0 

9 37 A.M. 

6 

a ’8 

jO 17 

6 

2*8 

3 33 r-M- 

6 

2*9 

^3 (5 

6 

3*0 

a 3a 

6 

%/ 

3*1 


6 

3 ’3 

3 40 

6 

3 ’3 

f 35 

6 

3‘3 

4 ja 

6 

3*3 

7 2(5a.m. 

6 

3*4 

8 

°45 

6 

3-6 

6 

3*(5 

6 

3-8 

9 IQ 
?53 

6 

6 

3*9 

4-0 

3 34 P.M. 

, 6 

4*5 


6 

4*6 

1 "5 

6 

4*7 

» 47 

6 

4*8 

3 8 

6 

4*9 
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I-i8 


JExtracis from the Field (Continued.) 





i 


1831. 

■ No. of 

JCean time of 

£ T3 

"4-1 oj 

Heiglit of Set 

the Set. 

ending. 

0 iCQ 

1“ 

aboTe origin. 


Dec. 24ith 


h. m. 


284 

i 

> 52 

285 : 

9 

1 18 

286 

9 

37 

287 

10 

0 

288 

. 7 

39 a.m. 

289 

8 

14 

290 

8 

40 

29 r 

9 

9 

292 

9 

34 

a93 

JO 

22 

294 

2 

3 P.M. 

*95 

3 

10 

296 

4 

5 

297 

4 

50 

298 

7 

30 a.M. 

299 

8 

0 

300 

8 

26 

301 

8 

54 

30 a 

9 

24 

303 

9 

50 

304 

10 

20 

305 

7 

5 A.M. 

306 

7 

28 

307 

8 

0 

308 

8 

34 

309 

9 

18 

310 

9 

47 

311 

lo 

14 

312 

I 

6 PM. 

313 

I 

5a 

314 

2 

20 

315 

2 

45 

31(5 

3 

J4 

317 

3 

42 

318 

4 

4 

319 

4 

3a 

320 

4 

54 

321 

7 

l5 A-M. 

322 

7 

39 

323 

8 

4 

324 

8 

27 

325 

8 

55 

32(5 

9 

12 

327 

9 

35 

328 

9 

55 

329 

I 

7 P.M. 

330 

I 

27 

331 

1 

55 

33 a 

2 

17 


feet 

+ 3'5 
5 '5 
.3 -(5 
3-9 
31 
3' 3 
3'^ 

rs 

3-3 

,3-4 

,3'4 

3-3 


1831-32. 


Dec. 31st 


Jan. 2n(l 


No. of Mean time of 
til© Set. ending. 


333 

334 

335 
33<5 

337 

338 

339 

340 

341 
34a 

343 

344 

345 

34(5 

347 

348 

349 

350 

351 
35 a 

353 

354 

355 
35(5 

357 

358 

359 

360 
5(5x 

362 

363 
3(54 
365 
3(5(5 

357 

368 

3^9 

370 

371 
37a 

373 

374 

375 

37(5 

377 

378 

379 

380 

381 

382 


2 jo P.M. 

3 20 

3 44 

4 9 

7 25 A.H. 

7 59 

8 29 


10 3 

0 58 P.M. 

1 30 

^ 51 

2 15 

a 38 

3 (5 
3 3a 

3 47 

4 12 

4 40 

5 I 

7 5 A..M. 

7 29 

s ® 

0 22 

8 38 

9 I 
9 33 
9 53 

° 54 P.M. 

T 8 

1 38 

55 

2 17 

a 48 

3 13 

3 3(5 

3 59 

4 18 
4 50 
725 A. 11 . 
8 35 

8 54 

9 a3 

9 49 
lo 13 

r p.M. 

I 46 
a 10 


Height of Set 
above origin. 


feet 

+ 4-6 
47 
47 

4-8 

4 - 9 
5'o 
5'i 
5‘o 
5'o 
5'i 
5’4 
5‘4 

5- 5 





CALCUTTA BASE-LIUE. 


DETAILS OF TEE MEASEEEMENT. 


Extracts from the Eieli (Continued.) 


ID no Eo. of Mean time of 

tke Set. ending. 


Jan. 13th 485 

484 

485 
485 

487 

488 
4S9 

490 

491 

492 

14 th 493 


<02 

.503 

. 5°4 

16 th 303 


h, m. 

IQ 10 a,m:. 

1 40 P.M. 

2 16 

2 39 

2 57 

3 IS 

3 4^ 

4 S 

4 a8 

5 10 

7 30A.M. 

8 2 
8 30 

8 55 

9 21 

9 47 

10 10 

3 50P-M. 

4 10 
4 32 

4 50 

5 5 

7 10 A.M. 

7 3*5 

1 5<5 

8 14 
8 36 

8 55 

9 12 


I 

£ 'i HeigM of Set 
® ^ abore origin. 

I§ 


feet 

+ 6’4 

6-3 

< 5-3 

6*0 


Ifo. of 
tlie Set. 


Jan. 16th 312 

513 


S19 

320 

<31 

332 

523 

524 

525 

(26 

337 

17 th 328 

529 

530 

531 

532 

533 

534 

535 

535 

537 

538 

18 th 339 


Mean time of ^^-4 Height of Set 

ending. o g origin. 

ii 


9 34 
9 58 

0 41 P.M. 

0 38 

1 17 

I 47 


3 24 

3 42 

4 0 
4 25 

4 43 

5 10 

7 3aA.M. 

7 58 

8 22 

8 41 

9 3 
9 30 

9 5<5 

10 i 5 

I 13 P.M. 

4 20 

5 9 

8 38A..M 


feet 

+ S'2 
S '3 
S-I 
5-2 
5-1 
S'l 
5 'o 
5 '^ 
5-3 
5'2 
5 'o 
4 7 
4'5 


mJ 

advanced end of set No. 539 fell in defect (ie. soutli,) of the dot at North End 

1*7144 feet, as measured on Cary’s brass scale with a beam compass. 

Height of set No. 539 above North End = 1*2 feet. 



CALCUTTA BASE-LINE. 

Beduction to Mean Sea Level. 



The formula employed for this computation is obtained as follows : — 

Let ^ denote the radius of curvature for the azimuth of tho base-line at the mean latitude of the extremities, II and 
11^ the adopted heights above sea level respectively of the origin and terminus, {H-y — II) =.7i, = the value 

of A obtained from the measurement, and 8 A a correction to A^ which may be afforded either hy the triangulation or by 
spirit levelling ; also let i? = i|» -f II. 

If hy h. 2 . . . ftp denote the heights above the origin of the successive sets of bars, or lengths actually measured, 
where any set may consist of a smaller integral number than 6 of bars and microscopes, and if I stands for a oomplote set 
of 6 bars and 6 microscopes, or 63 feet, then the correction to the measru-od length to find the corresponding length 

at the level of the origin, or 

I I ^ 

= — 3 {Aj + Ag -f . ... . . + h ) — “■ 77 [A] provided the p sets are each equal to I in length. If however 

thesth, rthandith sets are incomplete and consist respectively of onlys, r and t bars and microscopes, then the 
correction becomes . . 

Cg = — ^ [7*]^ — • [ (6 — s ) -h (6— r) -f (6 ~ i) A^ abbreviating 

a being thus a correction in consequence of incomplete sets. 

Again if 87* is not zero, and we disperse this quantity amongst the heights hy Aj . . . . on the assumption 

87* 


that 


Aj shall become hy -h 


7*2 +• 


a8A 

P 


then the correction will bo 


Uj — 


I 

Ji 


(pf + « 

where it ie BuSiciently accurate to adopt for \ for 


2> 


} 


0 ) 

(^) 




r8A' 


&c. i 


in finding a. 


It remains to remark, that it is convenient for arithmetical purposes, when deducing the total lengths measured 
with the bars, those measured with the microscopes, and in general, to reckon the line as made up of n complete sets 

of bars and microscopes, n being the nearest integer not greater than p-. If we write % for p in the term 87t, 

03 Qt 

the error committed is {P »*)» vbioh in the extreme case of the Dehra Doon base-line amounts to less than 
•0001 feet. Availing ourselves of this convenience, the correction to origin finally becomes 


Ca = -|{p]'+« + ^»} 


(3) 


Similarly, if X be the length of the line at the level of the origin, then the reduction from origia to sea level or 

. M 


<7i +■ (7g 


Cl 

E ^ 


E 


(4) 


-j^[Af + a + SA 


} ( 5 ) 


and from ( 2 ) and (4) 



CALCUTTA BASE-LINE. 




Reduction to Mean Sea Level— (Contiimed.) 


•which for shortness may be mitten 


0=0i + Os 


_ X ^ jp 

M R 


( 6 ) 


It must be added that in applying (5) to the reduction of a base-line in parts, i.e. reducing each section to sea 

level by itself, the following modification is necessary. Suppose the base-line divided into sections I, II, III and IV : if 

we retain the symbols of (5) for the elements of the entire lino and distinguish the similar quantities for each section by 

means of coiTosimnding subscripts, there result by writing for — 3 Jh for „?i — dso. 

n “ “ n 


Tor section I 




•f lU + idh 


\ ^ ^3 Tp 


11 

III 


^ J -*i jifil 

IV *c'=A+A=-ii I - (#+sa+#)+^.<a]-=-,x |_| 

the forogoiug expressions have been employed in the reduction of all the base-lines given in this volume. 

P 

For the base-lino under reduction A = .359603 Log li = 7‘.3i8383 [ 7 t]^ = 27103 0 = 03 Sh = ry, tdl in 
feet; and n = 5,39. Hcuco we obtain by ( 5 ) in feet, 

Ci= — o'o2i3 : C3 = 




o’oopS: and G 


O’O^oS 


I'inal length of the base-line in feet of Standard A. 


Measured with the compensated bars, 

page = 33341-0491 

„ „ microscopes, 

pagel_j^= 1517-1847 

„ beam compass, 

page I_^^ = + I -7 144 

deduction to sea level as above 

= — 0-0308 

Length S. end to M. end at mean sea level 

= 33959*9174 

■ « 33 

Log. = 4*5309^^63 




CALCUTTA BASE-LINE. 



Distance from rear-end of set No. 2 to advanced-end of set No. 12 by 1st and 2nd 

measurements contrasted. 


By ls« mmir&nwit. 

feet of A 

Measured with the compensated bars = ii x 6o'ooi9i5 = 66o‘02ii 
„ „ microscopes = II x 3’ooi5i6= 33*0178 


Length of the ii sets = <593*0389 


By 2 }id mmiwnent. 

Measured with the compensated bars = n x 60*001980 = 65o‘02i8 
„ „ microscopes = ii x 3*001187 = 33*0131 

„ beam compass = — 0*002 a 


Length of the ii sets = 693*0327 


DESCEIPTION OF STATIONS. 

SOUTH END OP CALCUTTA BASE, Latitude N. 22° 37', Longitude E. 88° 25' is 
situated at the junction of the Barackpore and Chitpore roads and directly opposite to a garden 
house owned by Rajah Baboo. It is in the district of the 24 Pergannahs, pergannnh Calcutta. 

The station, is marked by a square hollow tower 73*6 feet in height and some 13 feet square at top,* the 
isolated pillar for the theodolite being bulit on beams, which are let into the wall about 4 feet below the upper surface 
of the tower. The usual circle and dot are engraved on a block of stone fixed in the ground floor of the building. 

NORTH END OF CALCUTTA BASE, Latitude N. 22° 43', Longitude E. 88° 25', is 
situated east of Sukchar village, at the junction of the road from Sukchar to Baraset with the 
Bara(ikpore road, and opposite to the lltli mile stone from the Government House in Calcutta. 
It is in the district of the 24 Pergannahs, pergannah Calcutta. 

The tower is 74*5 feet high. In other respects, the station is similar to the S. End of the base. 


J. B. N. HENNESSEr. 







DEHP.A BOON BASE-LINE. 



The middle point of tlie base-line is in Latitude Is, 30^' 18 , Longitude E. 77° 58'. Azimuth 
of V. end at E. end = 113° 44'. Length 7*42 miles. 

The line was measured over twice. The 1st measurement was made under the directions 
of Major Gr. EFerest, R.A.,and Lieutenant A. S. Waugh, R.E., supervised the 2nd measurement. 
The assistants employed in the operations, as well as the duties assigned to each person, are 


shown in the following lists. 

During ht meamrmmi 

Major G. Everest, R.A. — At the Boning Imtru- 
mmt. 

In charge of Microscopes. 

Lieut. A. S. Waugh, R.E.— if mr end of Bar A 
Lieut. T. Kenny, R.E. 

Mr. J. Olliver. 

Mr. G. Logan. 

Mr. J. Peyton. . 

Mr. C. Murphy. 

Capt. R. Wilcox.— if advanced end of Bar H. 


Mr. H. Keelan.-L« the trestles. 

Mr. N. Kallonas. ) „ , 

Baboo Radhanatb Sikdbar. 1 


During %d measurement. 

Mr, G, Logan.— if the Boning Instrument. 

In charge of Microscopes. 

Lieut. A. S. Waugh, R.E. — if rear end of Bar A. 
Mr. H. Keelan. 

Mr. J. Peyton. 

Mr. N. Kallonas. 

Mr. J. Olliver. 

Mr. 0. Murphy. 

Lieut. T. Reniiy, R.B. — At advanced end of Bar H. 


Mr. J. ,Molheran.— Layiwy the trestles. 

Mr. N. Kallonas. \ , 

Baboo RadhanathSikdhar. r 



DEHRA ROON BASE-LINE.; 



INTRODUCTION. 


This base-line was measured in the Dehra Boon along; the southern bank of tlie A.san 
Nuddee. Its eastern extremity is situated about I’l miles nearly due west of Bliimtal, which 
is by the road from Dehra to the Mohan pass. 

The line was measured over twice. On the 1st occasion in the direction from West to 
East, when the tongues of the bars pointed North. The 2rid measurement was made in the con- 
trary direction, the bar-tongues however still pointing North. The measurement was always 
continuous, i.e.^ every succeeding set originated at the point marking the terminus of its pre- 
decessor. 

In the 1st measurement, an iron pin with a flat register head, was fixed at each of fire con- 
■venient points in the alignment. The dot on the register head of pin No. 1 was made at the termi- 
nation of set No. 66, and similarly, dots on pins Nos. 2, 3, 4, and 5 and at E. End were made 
successively at tlie termini of sets Nos. 157, 219, 389, 520, and 622. In the 2nd measurement, 
other dots marking the terminations of sets were made on the same register heads and at the "W. 
End, and the distance between the two dots at each point of reference was carefully measured. In 
this manner the entire length W. End to E. End was divided into six parts aud each part 
measured over twice. 

Fifty comparisons, between the compensated bars and the standard A, were made before 
the 1st measurement in a thatched building set up for the purpose in the grounds of the Surveyor 
Generars Office Dehra. Sixty-one similar comparisons were made after the 1st measurement, 
and 66 after the 2nd measurement, at Camp Barwala, “under circumstances precisely tlie same 
with those under which the bars were used in practice, that is under the same tents and at the 
same hours of the day.”* 

The microscopes were compared with their scales on 13 occasions during the 1st mea- 
surement and on 5 occasions during the 2nd measurement. 

In respect to time, the first set of bar comparisons was made on 12th November 1834, 
the last on 2nd April 1835. 

The stations of the verificatory triangulation were 7 in number, forming a single series 
of triangles. Of these stations, 4 were in the alignment, W- End, A or Heliotropewah 
(identical with pin No. 2), B or Barwala (identical with pin No. 4), and E. End. The three 
auxiliary stations a, and y were selected on spurs of the Sewalik range of hills. The angles 
were measured with a 3-foot Theodolite (by either Troughton or Barrow.) read by 5 microscopes. 
At stations A, y and E. End, 2 measures were taken on each of 12 zeros. At the remaining 4 
stations, 3 measures were made on each of 8 zeros. 


* Page xxiv Everest’s Meridional Are of Incliii, 1847. 


DEHEl BOON BASE-LINE 


Comparisons letween the Standard Bar /K and the Comjpmsated Bars A, C, D, E, Hj made 
at the Surveyor GeneraVs Office, Dehra Boon, before the first measurement. 


Miosombsee Eeabiit&s iir Divisioms 


1 Divisioa : 


= 201381 A 


E H 


o ra 

•s i » 

S5 S'® 


Bbiobes 


h m 

12th II 57A.M, 

0 39 P.M. 

1 13 

I 45 
a fla 

a 55 


0 

I 66'4a 

a Cj’go 

3 <59-05 

4 70-15 

5 71-20 

6 72-05 

7 72-67 


8 : 

A,M* 

8 

56-88 

42-6 

8 

59 

9 

57'6 i 

54-4 

9 48 

10 

59-65 

61-8 

0 

II I?.M. 

II 

66-27 

163-3 

2 

29 

12 

70-57 

344-1 

2 

57 

n 

71-30 

256-0 

3 

i8 

14 

71-75 

365-5 

3 

38 

15 

72-17 

373-7 



i5 

72-60 

379-5 



17 

72-85 

383-3 

1 

18 

18 

57-12 

52-8 

1 

43 

19 

56-80 

49-7 

8 

9 

20 

56-76 

49‘6 

8 

39 

21 

57-33 

58-5 

9 

6 

22 

58-02 

72-8 

9 

31 

33 

58-90 

87-6 

II 

58 

24 

66-56 

203-8 

0 

23 P.M. 


67-83 

333-9 

0 

47 

26 

68-85 

239-7 

I 

XI 

37 

69-83 

353-1 

I 

35 

28 

70*86 

267-5 

I 

58 

29 

71-67 

283-5 

2 

19 

30 

72-32 

: 295-8 

2 

41 

31 

73*05 

304-1 

3 

3 

33 

73-65 

312-9 

3 

28 

33 

74-12 

322-0 


15th 7 35 a.m. 34 57-67 
8 4 35 57*33 


+ 

353-5 

344-5 

248-0 

246-5 

248-5 

253-0 

353-5 

230-5 

230-5 

197-6 

195-8 

204-0 

211-6 

2II-0 

211-5 

213-0 

213-5 

237-1 

241-4 

<^35-5 

336-5 

333-7 

230- 8 
235-8 
239-8 
233-4 

231- 8 

228- 3 
231-0 

333-4 

230-6 

229- 8 

230- 0 


8 34 

8 59 

9 19 
9 40 
to a 


56 57-55 

37 58-05 

38 58-67 

39 59-43 

40 6 o ‘30 


■f 

230- 5 
225-5 

231- 0 
227-0 

330-5 

230-3 

333-5 


172-4 

176-3 

189- 5 

190- 3 

190-5 

193-1 

190-5 

189-9 

212-5 
216-7 
2 14- 1 

211- 7 

212- 0 

207-6 

aiO-5 

206-5 

212- 5 

210-0 

209- 5 

210 - 0 
210-8 
209-0 
211-4 

213- 5 

220-5 

231-5 
220'0 
233-7 
2 i 6-8 
2 19-6 

2I8’0 


+ 

244-0 

246-0 

248-0 

347-5 

353-0 

35<5-5 

260-5 

235-5 

225-5 

194-0 

201-6 

315-4 

2II-0 

214-0 

210-0 

210- 7 

211- 9 

242-0 

240-3 

239-0 

334- 5 

231-8 

227- 1 

230- 0 

335- 3 

231- 5 

335-5 

228- 3 
231-3 

233- 1 

231-0 

333-4 

234- 8 


379-5 

271-5 

278-5 

377-5 

284*0 

287-0 

283-0 

353-5 

353-5 

228- 7 

229- 0 

241- 3 

242- 0 

340-3 

243- 0 

245-1 

244- 8 

373- 7 

266- 4 
265-0 

365-5 

262-5 

359-5 

267- 8 

268- 6 

267-9 

265- 2 

261- 3 

262- 8 
264-5 

266- 7 
264- r 
266-2 

279-0 

278-0 

377-5 

273-9 

277-8 

275-0 

374- 0 


4- 

343-5 

334- 5 

343-0 

244-5 

248-5 

347-0 

244-5 

210-6 
2ia'o 
187-8 
198-0 
2 11*5 
2 o 6 -o 

205- 7 

305-5 

206- 7 

209-8 

224- 0 
221-0 

225- 0 

218- 3 

219- 3 
219-3 
222-6 
228*4 
238-1 
225-0 

225- 0 

223- 7 

335- 5 

224- 0 
223-9 

226- 1 

229*1 

232-8 

334*0 

230-6 

233*6 

232*6 

.230*3 


+ 

238-0 

337-0 

344-5 

248-0 

343-5 

243-0 

345'5 

213-7 

315-5 

192-0 

198-5 

305-3 

305-5 

204-4 

203-8 

aoi-8 

200-5 

225- 0 

223- 0 
222-0 

322-1 

220-5 

222-6 

229-5 

228-9 

226- 9 

227- 1 

224- 3 

228- 4 

226- 7 

227- 5 
227-4 
226-9 

336-5 

335- 0 

237- 6 

333-5 

336- 4 

238- 0 
237-1 


+ 

248-2 

343- 3 
248-8 
248-5 
^51*3 

221*0 

221*0 

199*9 

211*2 

2II*I 

211*0 

2II-2 

2II*I 

211*6 

335’<5 

234-8 

333*4 

231*4 

230- 0 
227-8 

232- 7 

333-9 

333-3 

230*8 

229*4 

231- 2 

233- 3 
33J‘5 
231-5 

333-9 

244-5 

344- 3 
344*5 

2-41-2 ' 

240- 8 

241- 8 
339-6 


Major Eyeresti 
at the micro- 
meter micro- 
scope. 



BAR COMPARISONS. 


II. 


Before the frst measurement — (Continued.) 


Miceombtbb Sbadiugs iu Divisions 

1 Division Cary’s Inch [7.8], l-S78Gm.y. of A 


^ 2 go 
O fl S 

® «a 
S Ph-JQ 

li 




Means, ... 66-55 aoS’op 235*10 314*31 235-60 267*75 ^^ 7 ' 9 S ^^28*53 234'87 


Let the mean length of the compensated bars minus the Standard A at 62“ JP. be denoted 
by X, and the observed excess of the compensated bars by 8 when the temperature of A is 
Then, the expansion of A for 1“ being {E^ — )> have 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results 


a — 4*42 21*9 = 0 fp— 10*17 4- 62*5 = 0 


a - 5*90 

J 3 

— 0*4 = 0 

iP— io*6o 


4 * 68*4 — 0 

af— 7-05 

)> 

■f i6*7 = 0 

iP— 10*85 

» 

4 - 71*7 = 0 

a — 8*15 

)} 

- 1 - 34-5 == 0 

a? 4 ' 4"88 


-182*8 = 0 

a?— 9*20 

n 

■+■ 46-7 = 0 

a? 4 - 5*20 


—185*1 = 0 

af— 10*05 

3 ) 

+ 58*5 = 0 

X +- 5*24 

n 

—183*8 = 0 

10*67 

)) 

4 - 71*8 = 0 

«+■ 477 

n 

—172*9 = q 

«+ 5 ‘u 

)} 

—178*4 = 0 

* 4 - 3*98 


—157*12 = 0 

a+ 4*59 

j)p 

— 166*6 = 0 

X +- 3-10 


—140-2 = 0 

x + 3-35 

V 

-133*6 = 0 

X - 4-56 


— 28-9 = 0 

X — 4*27 

J ) 

- 36*7 = 0 

X - 5*83 

if 

— 9*0 = 0 

8*57 

)} 

4- 32*9 = 0 

fp— 6*85 

if 

4- 6*5 = 0 

a?— 9*30 

)» 

-f- 44*9 = 0 

Jf- 7*83 

if 

4 - nvs = 0 

iP- 9*75 

» 

-f- 54*5 = 0 

8*86 

if 

4- 38-1 ss 0 




n , DEHEA DOON 'BASE-LINE. 

Befm'e the fint measnremmt — (Continued.) 


X - 9-67 {Ea 

— 

-f 52*3 = 0 

^4 rjoiEa — dE ^ 

,)-I22‘3 = 0 

X — I 0'32 


4 63-5 = 0- 

X - 4-70 “* „ 

— 33*1 = 0 

a?— 11-05 


4 73-6 = 0 

5*55 

— 9*0 = 0 

ap— 11-65 


4 8i'4 = 0 

X - 6-40 „ 

4 6-5 = 0 

ap— 12-13 

>f 

4 89-1 = 0 

a?- 7-33 „ 

4 i8'4 = 0 

x + 4-33 


-169-5 = 0 

X - 8-33 „ 

4 31-8 = 0 

x + 4-68 

3 > 

—171-1 = 0 

a?- 9*11 

4 48'! = 0 

^4 4*45 

33 

— 168-3 = 0 

a?- 9-90 „ 

4 58-8 = 0 

x + 3*95 

33 

— 156-8 = 0 

^-10*50 „ 

4 63-4 = 0 

3*33 

33 

— 147-0 = 0 

^-10-85 „ 

4 70-6 = 0 

X +- 3-58 

33 

-137-5 = 0 

^-iri7 

■4 75*9 = 0 


And from the mean of these results, 

d 

X = 2678 -I- 4*55 


adopting the original value of the expansion of A given at page (9), 

m-if d 

= 2267 = 16-444, 

and x = ioi-6o - 4’55 dlE^ - 140=07 - 4-^^ = L - A; 

where L denotes the mean length of the compensated bars obtained from aU the comparisons, 
as represented by the mean micrometer reading 234-87, page II 

Comparing this reading -irith the mean reading of each compensated bar riven on the 

same page we obtain the following : — 


In terms of 

(• 

A-L B-L C-L D-L E-L H-L 

Micrometer divisions. 

Millionths of a yard. 

+ 0-23 -20-56 +0-73 +32-88 -6-92 -6-34 
+ 0-32 -28-34 +I-OI +45.33 _5.34 _8-,4 


^so combining the values in this table with the eanivalent of L- A above determined 


d 

A — A = ioi'83 — • 
B — A = 8i‘04 -- 
C — A =102*33 


4‘55 140*39 4*55 D - A = 

4 , = 111-73- ff E-A=: 

=141*08- H-A = 


134*48 - 4*55 = 185-40 - 4*55 dE ^ 

94-68 - ,, = 130-53 - 

95*2<5~ » -131*33- 


and = 8404 — 27-3 HE . 


n 




BAR COMPARISONS, 


Comparisons letween ih Standard Bar A and the Compensated Bars A, B, C, B, Ej made 
at Barwala Camp, Dehra Boon, letween the two measurements. 


1835 

Feb. 

Mean of the times of observing A 


d 

■1 

1 

«+H 

0 

Corrected mean temperature of A 

Micbometee Eeaeihgi-s in Ditisiojte 

1 DiTision =. Cary’s Inch [ 1 . 8 ], = f 3765 m.y. ot A 

Bbmases 

Moan 

A 

A 

B 

c 


E 

H 

Mean of the 

comp ensated 
bars 


h m 



0 


4 - 

4. 

+ 

+ 

"t" 

-f 

-i- 


11th 

7 30 A.M. 

X 

4172 

- 77*3 

343-5 

312*2 

334*0 

367*1 

3aa’o 

323'5 

334*1 

Major Everest 


« a 


2 

43-32 

63-1 

341-5 

3n*o 

330-0 

3 ( 53*5 

324*0 , 

330-4 

333*7 

at the micro- 


8 37 


3 

43'32 

4 T '9 

335-1 

.309-3 

328'.5 

362-0 

323*0 

33 . 3*5 

331*9 

meter micro- 


9 4 


4 

43’27 

i 4'3 

332-3 

307-0 

32a’'8 

360*8 

334-0 

33 i'o 

339-7 

scope. 


9 32 


3 

47 ' 3 o 

+ i 5-6 

329-0 

304-0 

318-5 

338*0 

320-0 

330-2 

336-6 



10 7 


6 

30-35 

61-1 

324*1 

303*0 

313*5 

334*3 

331-0 

334*0 

323-0 



10 41 


7 

3 3 -(55 

108*3 

318-0 

30 ro 

311-0 

351*0 

330-4 

331*8 

322*2 



I 34 P.M. 

8 

68-8.5 

336-8 

308-5 

253*9 

300-3 

350*0 

318-0 

339-0 

31 . 5*8 



3 I 


9 

69-87 

33 I '2 

311-0 

291*0 

309-5 

354*0 

314*5 

329-0 

318-2 



a 31 


IQ 

70-90 

3 < 5 .r 7 

3 15*5 

296-4 

3 ii*i 

35 < 5 *o 

318*0 

325*9 

,330-3 



3 la 


II 

7 1 '47 

3(59-3 

308-3 

289-6 

312-5 

349*0 

310-3 

311*5 

313*6 



3 52 


12 

71-65 

37 rj 

313-5 

293'5 

316-0 

347-6 

3X2^0 

314*6 

31 ( 5*3 



4 22 


13 

71-32 

364-1 

3 i( 5-5 

300-3 

32 i'a 

332*0 

3 ° 9 'S 

3io’o 

,318-3 



4 50 


14 

70-37 

343-0 

318-0 

298-0 

317*2 

347*8 

304*0 

30O'o 

3 i 4 '» 


12th 

7 19 

AM* 

13 

48-17 

- 7-a 

313-5 

287-3 

3IP’6 

333*0 

396*0 

296^0 

•306*1 



7 52 


1(5 

48-30 

+ a ‘9 

313-0 

289*0 

307-0 

335*5 

297-0 

300-0 

310-3 



8 a8 



49-42 

I9’i 

311-6 

287-9 

304*0 

340*0 

397*1 

305*5 

307-7 



9 2 


i8 

31-00 

43-3 

301-0 

280-8 

398*3 

333*5 

293*5 

303*0 

301-7 



9 32 


19 

33-05 

7 < 5-3 

299-5 

27*5*5 

296*0 

334*0 

395*0 

301*1 

300-4 



10 0 


20 

55-17 

IT 0-8 

301-2 

2 76-0 

293-0 

333*9 

296-8 

303*0 

300-7 



10 30 


■21 

37-40 

144-3 

294-4 

274-0 

290*2 

324-1 

292-0 

301*0 

296-0 



X 14 

F.M. 

22 

67'87 

294-1 

296-0 

276-7 

284-8 

339*0 

290-3 

293*5 

296-8 



j 49 


23 

69*40 

3t8-o 

292-1 

279*5 

391-1 

5 ^ 9' 5 

286-6 

393-0 

^95-3 



a 24 


24 

70-32 

332-3 

288-5 

273*5 

289-8 

3 H *5 

383-9 

390-4 

292'! 



3 3 


23 

7t-ao 

345-3 

291-0 

272-6 

292:5 

3318-5 

382 -4 

389^3 

2^92*7 



3 33 


a <5 

71-47 

349-3 

291-5 

2760 

304-0 

329-0 

288-1 

391-0 

296-6 



4 6 


2-7 

71-62 

330-6 

294-0 

277-0 

304-5 

333*5 

286-7 

286*5 

297-0 



4 37 


a8 

71-40 

345-0 

300-0 

278-5 

399-5 

332*0 

284-3 

287-0 

290-9 



5 8 


29 

70-82 

33 < 5-2 

301-9 

^79-5 , 

303*9 

837 * 3 . 

386-4 

290-7 

300-0 


13 th 

7 30 


30 

48-80 

i'l 

312-7 

289-4 , 

313*5 

342 * 9 ' 

298*3' 

305-6. 

310-4 



8 7 


3 ^ 

49-30 

i8-6 

314*2 

293-5 

313*7 

339 ’o 

399-0 

305-0 

3 io’6 



8 39 


32 

30-50 

39-3 

307-0 

286-9 

303-0 

33 ^-S 

296*8 

303-0 

305-9 



9 ^3 


33 

3^-25 

66-5 

304-8 

-283-0 

397-1 

334*0 ■ 

299*0 

303-0 

303*5 ' 



9 47 


34 

34-37 

98-8 

39(5-0 

ns 9 

389-0 

326-0 

394-0 

=^ 99*5 

3 p 6*7 



10 21 


33 

3^-57 

130-8 

295 ' 0 ' 

.2 76-0 

397-6 

321-0 

289-0 

298-5 

: 296’, 2 



10 3^ 


36 

.38-67 

i 6 o '7 

290-7 

273-6 

384-0 

324*0 . 

386-0 

297-7 

5 ( 93*5 



I 37 

P.JC. 

.37 

^ 9*97 

329-9 

291*6 

''275'^ 

396-7 

330*1 . 

300-0 

379-0 

292 -'2 ^ 



2 13 


38 

7 J -95 

339-3 

286-5 

273-0 

391-9 

337-1 

,387-0 

295*0 

193-1 



a 39 


39 

73-77 

392-3 

293*0 

281-2 

301-9 

333-0 

393 -I 

294*0 

299*7 

1 
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JBetmm the fm meamr merits — (Continued.) 


1832 

F«b. 

Mean of the times of obserying A 

No. of comparison 

Corrected mean temperature of A 


Mic 

ID 

R0KET:EB BEAD] 

[N &3 IN DIVISIONS 

mil [ 7 . 8 ], = 1-3765 »j.sr. of A 


Binuoins 

msion 20168*7 '^^ 

Mean 

A 

A 

B 

C 

D 

E 

H 

Mean of fcho 
compensated 
bars. 


h m 


0 


■4 

+ 

+ 


+ 

+ 

+ 


13 th 

3 37F.IS. 40 

74-85 

+413-8 

303-5 

288*0 

313-0 

337-8 

303-r 

298*8 

307-4 

Major Everest 


4 7 

41 

75-15 

414*6 

306-5 

287*0 

313-9 

340-5 

297*9 

296*7 

307*1 

at the micro- 


435 

42 

75-03 

412*5 

300-8 

287*0 

312-0 

334-0 

298*0 

297*4 

304*9 

meter micro- 


5 3 

43 

74-55 

405-5 

303-0 

287*0 

316-8 

341-5 

296*4 

292*3 

306*2 

scope. 

16 th 

7 33 AM. 44 

43-77 

-139-8 

267*8 

240*5 

258*1 

289*2 

245*0 

250*5 

258*5 



8 4 

45 

43-37 

129-3 

267*9 

337-8 

257-8 

287*4 

246*0 

254-0 

258-5 



8 35 

46 

44*35 

111*2 

265*1 

234-9 

251-0 

284*0 

248*1 

254-1 

255-9 



9 8 

47 

45-87 

8-5*6 

260*7 

229*3 

252-0 

283*0 

251*0 

255-4 

255-2 



9 39 

48 

47-57 

55-7 

259*0 

234-4 

254-5 

286*9 

252*0 

260' I 

257*8 



10 5 

49 

49*22 

28*6 

255-0 

234*0 

251-0 

282*5 

249*5 

255*0 

254-5 



10 30 

s° 

5 o -<55 

13*5 

251*1 

230-0 

246-7 

282*5 

250-0 

255-0 

252*6 



10 50 

51 

31-90 

+ 2*8 

251-0 

231*3 

248-4 

283*1 

249*0 

255-9 

253-1 



I 16 FM. 52 

59-32 1 

IT. 5*0 

261*1 

235*0 

259-3 

291*^ 

254-0 

260-5 

260*2 



1 35 

53 

< 5 o -57 

133-0 

260*0 

237*7 

261*5 

290*0 

251-3 

261-9 

260-4 



1 59 

54 

6 i *77 

152-0 

256*0 

338*9 

252*0 

289*5 

256*0 

260-0 

258*7 



a 23 

55 

62-97 

169-6 

255-0 

235*4 

257-8 

286*0 

251-0 

25 < 5’5 

257*0 



3 3 

5 <> 

64-65 

202-3 

251*9 

235*0 

248*9 

286*0 

245-5 

251-2 

253-1 



3 a8 

57 

65*50 

214-7 

251-5 

333*3 

250-9 

284-9 

247-9 

248-5 

252-8 



.3 51 

58 

66-10 

220-7 

247*2 

228*5 

241-5 

280*2 

247*0 

245-5 

248*3 



4 13 

59 

66*40 

224-3 

250-9 

231*3 

247-5 

280*9 

244-9 

245-0 

250*1 



4 38 

60 

66-37 

223-2 

248*5 

231*0 

252*2 

281*0 

242-1 

242*0 

249-5 



5 4 

61 

66-00 

215-9 

253-0 

225*5 

246*5 

282*6 

240*9 

241*8 

248*4 



Means ... 

59’79 

165-71 

292*13 

271*33 

290*15 

324-11 

285*25 

289*89 

292*14 



As on page 11 — ^ we liave 

62.^) - dl^) - 8 = o; 

and from the preceding bar comparisons, we obtain the following series of results :■ 


-4ir6 = 0 iP- 5 ‘ 85 (^a— dSJ + 3i;o = o 


a? +19*68 


—398*8 = 0 

a?— 7*87 

ii 

+ 3 $'° = 0 

»p + 18*48 


- 373*8 = 0 

a?— 8*90 

}> 

+ 43*2 = 0 

«+i 6*73 


-344*0 = 0 

a?- 9*47 

J> 

+ 55-9 = 0 

a+ 14*50 


-311*0 = 0 

X- 9*65 

31 

4- 54*6 = 0 

a? + 11*45 


— 263*9 = 0 

a?— 9*32 

33 

+ 45*8 — 0 

«+ 8*35 


-213*9 =5 0 

a?- 8*37 

33 

+ 28*8 = 0 






BAE COMPARISONS. 


9 


Betwem ihe two measurments — (Contiaued.) 


i»+ 13*83 (E 

% (V 

-313*3 = 0 

a?-ii*77 

’-dEJ + 92*6 = 0 

j? 4 - 13*50 

y ) 

-307*4 = 0 

a?— 12*85 

33 

+ io6*4 = 0 

dp+i2*58 

3 } 

—288*5 = 0 

a;- 13*15 

33 

+ 107*5 = 0 

J? + 11*00 

y > 

-258*2 = 0 

a?— 13*02 

33 

+ 107*6 = 0 

a?+ 8*95 

ji 

—224*1 = 0 

a?- 12*55 

33 

+ 99*3 = 0 

ai + 6*83 

3 } 

—189*9 = 0 

a;+ 19*23 

33 

-398*3 = 0 

d?+ 4*6 o 

3 ) 

-151*5 = 0 

a?+ 18*63 

33 

—387*8 = 0 

a )- 5*87 

33 

— 2*7 = 0 

a?+ 17*65 

33 

-367*1 = 0 

SI — 7*40 

33 

+ 22*7 = 0 

»+ 16*13 

33 

—340*8 = 0 

x — 8*52 

33 

+ 40*2 = 0 

a?+ 14*43 

33 

-313*5 = 0 

a?— 9*20 

33 

+ 52*5 = 0 

a?+ 12*78 

33 

—283*1 = 0 

a?- 9*47 

33 

+ 52*9 = 0 

a?+ 11*35 

33 

—266*1 = 0 

a?— 9*62 

33 

+ 53*5 =;o 

a?+io’io 

33 

-250*3 = 0 

X — 9*40 

33 

+ 48*1 = 0 

x+ 2*68 

33 

- 145*2 = 0 

ar— 8*82 

33 

+ 36*2 =;;o 

x+ 1*43 

33 

—127*4 = 0 

a? + i3*20 

33 

—301*1 = 0 

a?+ 0*23 

33 

—106*7 = 0 

ar + i2‘7o 

33 

—292*0 = 0 

X— 0*97 

33 

— 87*4 = 0 

a?+ii*5o 

33 

—266*6 = 0 

a?— 2*65 

33 

— 50*8 = 0 

a?+ 9*75 

33 

—237*0 = 0 

X- 3*50 

33 

- 38*1 = 0 

a?+ 7*63 

33 

-197*9 =;o 

X— 4*10 

3 r 

— 27*6 = 0 

a?+ 5’43 

33 

-165*4 = 0 

X— 4*40 

33 

— 25*8 = 0 

3*33 

33 

—131*8 = 0 

X- 4*37 

33 

— 26*3 = 0 

X - T 91 

33 

+ 37*7 = 0 

X— 4*00 

33 

- 32*5 = 0 

X- 9*95 

33 

+ 66*2 = 0 





Attd from the mean of these results, 

d 

ir= ia6-43-a*2i 

Adopting the original value of the expansion of A given at page (9) 

«t-y i 

Ba = 22*57 = 16*469, 

and a; = 90*03 -f 2*21 dH, = 123*93 + = L - A. 

Proceeding as on page II_g we obtain ; 


In terms of 

A-L B-1 C-L D-L E-L H-L 

Micrometer divisions. 

MiUionths of a yard. 

— o'oi —20*81 —1*99 +31*97 —6*89 —2*25 

-o-oi -28*64 -2*74 +44*01 —9*48 -3*10 


Also the following ; 


d 

D — A =s 122*00 + 2*21 = 167*94 + 2*21 dE ^ 

E-A= 83*14+ ,, =114*45+ „ 

H-A= 87*78+ „ =120*83 + 

and6« = ^743*6 + I3’3d^« 


A - A = 90*02 + 2*21 dB^ = 123*92 + 2*21 dB^ 
B - A = 69*22 + „ = 95*29 + „ 

C-^ A = 88*04+ 3} =121*19+ j, 
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Final deduction of the totel length measuied with the compensated bars in the 1st measurement. 

From page II ^ the excess of the 6 compensated bars above 6 times A 6e/oy e the Ist meast : = 840-4 — 

if II ^ f, ' between „ = 743*6 -f 13*3 

Therefore the mean excess of „ applicable to the 1 st „ =79a-o— 'j'odE^ 

And the mean length of a set of 6 compensated bars in feet of the standard = 5o'oo3376 ~ — 7*0 dU^ 


Hence the total lengths measured ^ith the compensated bars 


in sets Nos. i to 66 

feet of A 

= 3960*1568 - 

463 dJE ^ 

„ 67 to 157 


■ 637 

„ 158 to 319 

= 37 «o-i 473 -* 

434 

„ 330 to 389 


1190 dBa 

„ 390 to 530 

= 7860-3113-- 

917 dE ^ 

„ 53X to 633 


714 dE ^ 

if I to 633 

= 37321 '4779 - 

4354 dE ^ 


Now the mean temperature of A during the above bar comparisons was 62,° + — 63°- 2, for which 

' temperature the corresponding expansion of A from page (19) is 31-655 m.y. Comparing this value of expan- 
sion -with the original value = 23*67 m.y., lised in the foregoing^ it is foundj that -f- 1-015 m.y.; 

and substituting for this numerical valuoj there result; — 

Total lengths measured with the compensated bars 


in sets Nos. i to 66 
f, 67 to 157 

„ 158 to 319 

if 330 to 389 

„ 390 to 530 

„ 531 to 633 

„ I to 633 


or W. End, to Pin No. 1 

or Pin No. 1, to Pin No. 2 

or Pin No, 3 (Stn. A), to Pin No. 3 
ox Pin No. 3 , to Pin No; 4 

or Pin Np. 4 (Stn. B), to Pin No. b 
or Pin No. 5 , to E. End 

orW. Ejid, to E. End 


feet of A 

= ( $9^o‘is6B - 0-0014) = 39<^o’i554 
(Stn. A) =( 5460-3163 “ 0*0019) =: 5460*3143 
= ( 3730*1473 — 0*0013) = 3730*1460 
(Stn.E) =(10300*4039 ~ 0*0036) = 10300*4003 
= ( 7860*3113 -r-, 0-0038) = 7860*3085 
= ( 6130*3434 — 0*0033) = 6130*3403 


= 3733P4779 = 373«i‘4647 




bar comparisons. 


ir. 


Cmpmm ldwem th SUndari Bar A and tie Compemated Bars A, B, C, D, B, H, made 
at Banaah Camp, Dekra Bom, after th %id meamremnt. * 


1835 

I Marci 
and 
I Apia 


Micbometbe eeadinq-s in ditisions. 

1 Division = Cary’s Inch [7.8], = i-373i m.y. oi A 


Bumahks 


31st 


so P.M. la 


3 58 

4 20 


5 30 


1st 


3 38 



50-07 

50 - 35 

5i'07 

52*30 

53*87 

55*57 

57*45 

6 o ' 6 % 

53-85 

5(5' 12 
58'4a 
8i'6o 
. 82-87 
8 , 3 '77 

84- 52 

85- 20 

85*57 
85-92 
85'92 
85-80 
85 '42 
8^67 

51- 60 

52 - 02 
52-82 

54-20 

55 '7 2 
57'07 
58-53 

60-72 

63- 07 

64- 85 
66-8 a 
82-17 
83*30 
84-20 

84- 85 

85- 42 

85- 82 

86- 10 


323-7 

331*8 

345*1 

364-6 

387-1 

410-6 

432*0 

464-9 

502*1 

530-7 

56ro 

789-4 

808-5 

825-0 

836-9 

844-0 

850-4 

856-0 


587*1 

587-0 

585*0 

579*1 

573-9 

568*2 

562-9 

555*8 

561-9 

553*9 

558*7 

5 ^ 4'4 

566-x 

573*9 

574*9 

575*9 

574*8 

574*<5 


55<5-i 

557*4 

550*9 

555*9 

541*1 

545*8 

549*0 

535*1 

545*0 

546-8 

545*8 

5 ^ 3*2 

566-1 

5 ^ 5*9 

568-0 

5*59*8 

5 < 57*7 

5 < 56-5 


576*2 

573*3 

576-8 

573-1 

5^55 - 1 

561-7 

555*<5 

557*1 

553-9 

552-1 

553 'o 

579*9 

580-2 

5849 

577 'o 

580-5 

582*2 

573*1 


609-0 

609-3 

6o6-i 

606-9 

597-5 

590-0 

600-9 

599*1 

598*3 

599*4 

595*8 

6 r 6 -i 

6ai-8 

620-6 

626-1 

617-3 

616-3 

615-9 


+ 

+ 

568-5 

559*1 

557*3 

562-2 

553*3 

561-9 

553*0 

557*1 

551*9 

559*9 

551*7 

561-0 

549*7 

556*9 

547*3 

557*0 

55^*0 

559 *it 

550*9 

559*9 

547*0 

557*7 

570*6 

579*9 

575*5 

5789 

571*4 

580-9 

576*3 

5798 

575*1 

576-8 

576-0 

575*5 

581*1 

570*3 

574*3 

573*4 

571*4 

573*8 

368-8 

565*8 

563*9 

564-2 

567*0 

5 ^ 5*4 

564-0 

565-9 

561-3 

573-4 

557*1 

575*4 


558-8 

561- 2 

559*'5 

562- 0 

560- 0 

5 ' 53-3 

561- 9 
568-9 

564-7 

577*7 

578-0 

579*1 

575*3 

574*0 


568-8 

566-8 

566-8 

568-0 

565*3 

565*3 

569*6 

570*3 

574*8 

577*7 

576-8 

578-0 

574*0 

570-9 


+ 

569*5 

J68-1 

565-2 

561-5 

559*7 

559*8 

556-5 

551*6 

553*8 

553*4 

554*x 

579*3 

583*2 

583 - 1 

58.3-7 

582 - 6 
583*6 

584- 1 

585- 0 

583 - 6 
581-3 

576-0 


578*5 

576-2 

575*4 

574'4 

567*4 

566-6 

565*8 

562*9 

563*9 

563*5 

564*1 

577 *x 

579-0 

583*5 

583*5 

583*4 

581-7 

579*2 



DBHRA DOON BASE-OTE. 


Cmpmsm htwem the Standard Bar A and the Compensated Bars A, B, C, Bj E, H, jnade 
at Barwda Camp, Dehra Boon, after the %d measurement 


MlCBOMl'riB EllDINGfl IN DIVISIONS 
1 Division = Cary’s Inch [7.8], =. 1-3731 m,y, of A 



h m 

Ist 3 59 P.M. 41 

4 17 4a 

4 3S 43 

4 58 44 

5 as 43 


0 

41 86*3 5 

42 86- a 7 

43 86'a5 

44 86*05 
43 85*60 


Sad 7 6 A.M. 
7 28 

7 49 

I 9 

8 33 

8 37 

9 16 

9 3<5 

9 53 

10 14 

3 0 P.M. 

a 18 


45 53 '93 

47 34'53 

48 55*42 

49 S^' 5 ° 

50 58-25 

51 6o*2o 

52 61*92 

53 ^ 3 - 5 a 
34 < 55 ’i 3 
53 ' 55 ‘ 9 a 

56 86-35 

57 87-02 

58 87-50 

59 87 - 9 a 

60 88-15 

61 88-45 

62 88-55 

63 88-50 

64 88-37 

65 88-20 

66 87-80 


A 

A 

B 

C 

D 

E 

H 

+ 

+ 

4 * 

4 * 

- 4 " 

+ 

+ 

859*3 

576-0 

566-8 

383*3 

619*9 

576*8 

569*2 

859*0 

377*8 

3 < 55*9 

583*1 

623*9 

373*3 

373*3 

856*4 

578-8 

5 ^ 3*7 

568-1 

57^*9 

621*0 

374*9 

372*6 

849*9 

377*9 

583*2 

617*5 

374*2 

363*7 

837*0 

380*7 

559 ''i 

581*2 

6 i2'7 

364*5 

364*3 

374*3 

39 ' 5‘4 

372*3 

391*3 

623*0 

582*0 

581*9 

380*8 

393 'o 

57 < 5 *i 

389*4 

623*9 

582*8 

586*9 

392*9 

590*8 

370*5 

586*9 

622*5 

376*9 

380*7 

412*3 


568-9 

583*0 

621*0 

578-6 

381*9 

442*2 

588*1 

367*2 

578*9 

617*4 

379*8 

384*4 

471*8 

584*0 

564-8 

573*0 

6 i2*9 

379*7 

383*8 

496*9 

584*2 

5^0*3 

577*3 

615*1 

582-1 

581*8 

526*0 

374*3 

560-8 

3 ^ 7*3 

6i6*o 

379*3 

582*8 

353*3 

37^'4 

561*8 

3 ' 59’9 

6i8*i 

372*7 

583*0 

580-6 

371 '9 

339*0 

5 <^ 3‘9 

613*3 

377*6 

584*0 

864*5 

377*1 

571*0 

390*5 

629*0 

384*3 

387*1 

879*7 

582*0 

572*0 

593*0 

633*1 

591*0 

383*1 

887*1 

583*3 

373*2 

6 o 2'I 

634*9 

386*4 

383*6 

895*4 

584*1 

574*0 

595*0 

631*3 

588-8 

587*0 

898*6 

383*9 

587*1 

590*3 

631*0 

589-6 

583*0 

900*6 

588*9 

373*9 

596*0 

631*0 

385*9 

580*2 

902*7 

588-7 

574*7 

394*9 

627*0 

586-8 

379*0 

900*0 

392*9 

578*0 

599*9 

629*6 

383*4 

379*6 

896*6 

588-1 

37^*4 

600*9 

619*4 

586*9 

373*9 

892*3 

390‘5 

374*1 

586*7 

627*8 

377*3 

376*4 

885*2 

586-0 

5 ^ 9*9 

592*8 

625*8 

379*0 

376*3 


JrcJ 

‘slg 

^ ^ s 

ir 

i^S 


•f 

582*0 

58 a '9 

58^-7 

580*8 

377 ‘i 

591*2 

59^*4 

588*1 

586*2 

586*0 

583*0 

383*3 

580*1 

380*7 

579*0 

580*8 

SP'7 

394*<5 

393*4 

394*2 

593*0 

39 Jt *9 

393*9 

390*9 

588*8 

388*3 



[ems, ... 72-48 647-26 575*64 560-63 . 575*36 6 i2*73 570*81 573-03 578*03 





BAR COMPARISONS. 


Aft&r the meamrement — (Oontiaued.) 


As on page II ^ we have 

x^{f - dE^ -8 = o; 

and from tRe preceding bar comparisons, we obtain the following series of rosnlts 

+%n'$ = o 


a? +11*93 { E ^ 

- dE ,) 

—381*1 = 0 

a 7 +ii '55 

)) 

-^ 7 S '9 - 0 

a?+ 10*93 

}) 

—358*8 = 0 

a?+ 9*70 

)) 

- 335*0 = 0 

a?+ 8*13 

}) 

—308*7 = 0 

a?+ 6*43 

)} 

—184*1 = 0 

4*55 

}) 

-153*0 = 0 

a?+ 1*38 

>} 

— 99*8 = 0 

a?— 1*85 

9 ) 

- 51*5 = 0 

a?~ 4*13 

» 

— 14*1 = 0 

x — 6*43 

9 ) 

+ 30*9 = 0 

a?— 19*60 

99 

+ 301*9 = 0 

a?— 30*87 

>> 

+ 330*7 = 0 

a?— 31*77 

99 

+ 343*1 = 0 

37—33*52 

99 

+ 351*9 = 0 

37—33*30 

99 

+ 359*3 = 0 

37—33*67 

99 

+ 363*3 = 0 

37—33*93 

99 

+ 366*4 = 0 

37—33*93 

99 

+ 361*9 = 0 

37—33*80 

99 

+ 363*6 = 0 

37—33*43 

99 

+ 363*6 = 0 

37—33*67 

99 

+ 350*5 = 0 

a? +10*40 

99 

— 354*8 = 0 

37+ 9*98 

99 

— 344*4 = 0 

37 + 9*18 

99 

—330*3 = 0 

37 + 7*80 

99 

—309*8 = 0 

37 + 6*38 

99 

—180*3 ” 0 

37 + 4*93 

99 

—156*0 = 0 

37 + 3*48 

99 

-133*8 = 0 

37 + 1*38 

99 

— 98*0 =: 0 

37 — 1*07 

99 

— 61*8 = 0 

37 - 3*85 

99 

- 33*8 = 0 

4*83 

99 

*-* 3*1 = 0 


a?— 31*30 

99 

+ 339*5 = 0 

a?— 33*30 

99 

+ 341*5 — 0 

37—33*85 

99 

+ 353*4 ss 0 

a?- 33*43 

99 

^ + 360*6 S!= 0 

a?— 33*83 

99 

+ 368*7 = 0 

a?— 34*10 

99 

+ 376*8 s= 0 

07-34*35 

99 

+ 377*5 = 0 

37—34*37 

99 

+ 376*1 = 0 

37—34*35 

99 

+ 374*7 = 0 

37—34*05 

99 

+ 369*1 sss 0 

37— 33*60 

99 

+ 359*9 = 0 

37+ 8*05 

99 

— 316*9 =S 0 

37+ 7*45 

99 

— 311*6 = 0 

37+ 6*58 

99 

— 195*3 = 0 

37+ 5-50 

99 

-173*9 = 0 

37+ 3*75 

99 

— 143*8 = 0 

37+ I*80 

n 

— 111*3 =5 0 

37+ 0*08 

99 

- 86*6 = 0 

07— 1*53 

99 

- 54*1 = 0 

37- 3*15 

99 

— 37*3 = 0 

37— 4*93 

99 

+ 1*6 = 0 

37-34*35 

99 

+ 374*7 = 0 

37—35*03 

99 

+ 387*0 — 0 

37-35*50 

99 

+ 393*5 sss 0 

37-35*93 

99 

+300*0 = 0 

37—36*15 

99 

+ 304*4 sss 0 

37-36*45 

99 

+ 307*6 ss 0 

a?- 36*55 

99 

+ 310*8 5= 0 

37—36*50 

99 

+306*1 = 0 

37— 36*37 

99 

+ 305*7 S= 0 

37 — 36*30 

99 

+303*5 = 0 

— 35*80 

99 

+ 394*9 ss 0 



DEHKA BOON BASE-LINE 



tk hd mmrmmt--^{QonimmL) 

And from the mean of these results, 

d 

= - 69-23+ 10*48 { E ^ ~ dE ^ ). 

Adopting the original value of the expansion of A given at page (9), 

d 

E ^^ = i6’3io, 

d m.y 

and 2; = 10379 “■ dE ^ = 142-51 -io*48 = L - A, 

Proceeding as on page we obtain 


In terms of 

A-I/ B-L C-L D-L B-I/ H^L 

Micrometer divisions. 

Millionths of a yard. 

“ 2-39 -17-40 -2*67 +3470 —7*22 — 5‘oo 

- 3-28 -33-89 -3'67 +47*65 -9-91 -6’87 


Also the following, 


A- 

d 

A = 101*40 - 

10*48 dB ^ = 139*33 - 10*48 dE ^ 

B- 

> 

1! 

00 

1 

„ =118*63- 

C- 

A = iori3 - 

„ t=: 138*84- j, 

D- 

A = 138*49 - 

„ = 190*16 - „ 

E- 

A= 915-57- 

„ = 132*60 ,, 

H- 

A= 98-79- 

„ = 135*64 „ 




BAR OOMPABISOIfS. 



I’inal deduction of the total length measured with the comnensated tars in the 2nd meafiiirenient 


Urompagell — the excess of the 6 compensated "bars above 5 times k betwem the\ __ . >rt 

^ two measurements/ ^ 3*3 ®-“4 

„ 1^—14 « 2nd „ — 855’i ~ 6r 9 <?jE^ 

Therefore the mean excess of „ applicable to the 2 jid „ = 799'4 - a4*8ijB^ 

And the mean length of a set of 5 compensated bars in feet of the standard = 5o'ooa3983 - 34*8 


Hence the total lengths measured with the compensated bars 


sets Nos. 

r 

to 

102 . . 


103 

to 

233 ■ ■ 


234 

to 

403 .. 


404 

to 

455 .. 


455 

to 

55 ^> • - 


557 

to 

632 . . 


feet of A 

= 6130-3445 - 3530 dB ^ 
= 785 o '3143 - 3349(^^14 
10300*4077 ~ 4316 dE ^ 
=P 3730*1487 - 1538 dE ^ 
=5 5460*3183 - dE ^ 
= 39^o’I583 - 


I to 63a 


= 37331 '491 7 - 164^7 dE ^ 


Now the mean temperature of A during the above bar comparisons was 63° + = 65 °‘i, for which 

temperature the corresponding expansion of A from page ( 19 ) is 31*573 m.tf. Comparing this value of ex- 
pansion with the original value = 23-57 iised in the foregoing; it is found, that dE^ =:- 4 ' 0*997 
and substituting for dEa this numerical value, there result. 


Total lengths measnred with the compensated bars 


feet of A 

in sets Nos. 1 to 102 or E. hind, toPinNo. 5 =5 6120-3445 — 0*0076 = 6120*3370 

„ 103 to 333 or Pin No. 5 , to Pin No. 4 (Stn. B) = 7850-3142 - 0*0097 =; 7850*3045 

„ 234 to 403 or Pin No. 4 (Stn. B), to Pin No, 3 ==: 10300-4077 — 0-0136 = 10300*3951 

„ 404 to 465 or Pin No. 3 , to Pin No. 2 (Stn. A) ss 3720-148/ — 0-0046 = 3730-1441 

„ 466 to 556 or Pitt No. 2 (Stn. A), to Pin No. 1 =a 545o-3 i82 — o-oo 58 = 5460-3114 

»> 557 to 622 or Pin No. 1, to W. End = 3960-1583 — 0-0049 = 3960-1534 


I to 522 or E, End, 


to W. End 


37331-4917 ~ 0-0452 = 373 ^ 1 ‘4455 



II. 


DEHEA BOON BASE-OTE 


CompamoM hetw^m the Cmpensaied Microscopes and their ^4neh Irass scales during the 
mmuremmt, md promsional determination of Microscope errors with respect to the 
6-inch brass scale A, expressed in millionths of an inch (m. i,) 



December 1st Before the 1st mea- 
surement. 


4th Between sets Ko. 
22 and 23. 


8th Between sets No. 
49 and 50. 


11th Between sets No. 
71 and 72. 


17th Between sets No. 
129 and 130. 


V U 
0 E 
E P 
M M 
E E 
T T 
B S 

W U 
0 E 
P P 
M M 
F F 
T F 
S S 

u u 

0 E 
P P 
M M 
F N 
F F 
S S 
E E \ 

U U 
0 E 
0* R 
P P 
M M 
F F 
F F 
R R 

U U 
0 R 
P P 
M M 
N N 
F F 
R R 


S9'3i 

64'45 

6i '25 
59-02 

<53'85 

(5i-94 

68 - 05 

69- 91 

68- 95 

69- 85 
68'I2 

<59‘35 

67- 64 

69- 05 

65-81 

65- 66 

68- 05 

68- 12 

66- 65 

63- 64 

66- 8 1 

65-15 

64 - 51 

€8-01 

65- 96 

70- 55 

69- 12 
69-05 
69-61 

68-15 

67- 81 

68- 06 

^7'45 

67-42 

66- 85 
65-11 


+ 197 

- 168 
+ 154 

- 47 

187 

+ 115 

- 4 

■+• 378 
494 
435 
491 
382 

459 

352 

-f 441 

238 

229 

378 

382 

290 

102 

301 

-+ 197 
157 
376 

248 

535 

445 

440 

476 

+ 384 

363 

379 

341 

339 

303 

195 


•00 

+ 3*75 
— 4*20 
+ i-25 
2*00 
8*70 
5*30 


3-20 
+ I -00 
•00 
+ 3*05 


'00 

- 7-83 

•30 

2-15 

-j- *20 

6-43 

'00 

'00 

+ 2*20 
■“ 3 '33 

9-37 

4-00 

2-26 

^-75 

-33 

+ i‘i7 

— I -00 

9-87 

•00 

•00 

r99 

+ 2*00 


0 

+ 375 

— 420 

+ 225 
200 
870 

530 


— 70 
630 
320 
+ 100 
0 

+ 305 


0 

- 783 
30 

215 
+ 220 
643 
0 

0 

+ 2^20 

- 333 

937 

400 

226 

.675 

33 

+ II 7 
100 
987 
0 
0 

- 799 
4 - 200 


-f 383 
93 

350 
— 21 
+ 363 

- 97 

75 

+ 383 
93 

.350 

— 21 
+ 363 

- 97 
75 

4-383 

93 

350 

— 21 

+ 363 

- 97 

75 

-h 93 

4-383 

93 

93 

350 

— 21 

4-363 

- 97 
4- 93 

4-383 

93 

350 

— 21 
4-363 
- 97 

4- 93 


Micros: — 1 
at 62®; 

Scale A, 
E'ah. 


Reference 

mimRer, 

4- 480 

I 

300 

2 

84 

3 

157 

4 

376 

5 

888 

6 

451 

7 

4r 661 

8 

517 

9 

135 

10 

150 

II 

845 

12 

362 

13 

582 

14 

4- 7H 

^5 

331 

16 

— 204 

17 

4-327 

18 

530 

^9 

413 

20 

670 

21 

394 

22 

480 

33 

470 

34 

136 

25 

-339 

26 

•4-114 

27 

582 

28 

-333 

29 

4-536 

30 

4- 784 

31 

356 

33 

-258 

33 

4- 330 

34 

702 

35 

--593 

36 

4-488 

37 


* These microscopeB were compared a second time, because they were adjusted after the first comparison. 










MICROSCOPE COMPARISONS. 



During the measurement — (Continued.) 








-S-S-s 

Microsoopo 


Micros; — Seale 4 ^, 





1 

g 

§ § , 

— 

- 



at Pn.li. 


Whan comT)arod 

6 

Is 

rtj 


0 . 'P 

Microscope Scab- 1^ 

I4 









^ m 

o 

0 ^ II 

Ohwrve^ 

ml'ue in 

es 






1834-35 

1 

VH 

r 

o 

03 ^ 

2 II ^ 

terms of 


.. ^o 



8 

$ i 




0 

1 

1 

% So 

S' fH 

B ivisions 



0 os 


.< 3 J R 

3 





m 



10000=1" 





W ” 

December 21 st 

Between seta No. 

166 and 167 . 

u 

0 

Xf 

R 

5 < 5 t 5 

66-8i 

-366 

4 " 3^^ 

+• 5-50 

— 4-00 

+• 

0 0 

0 

4-283 

03 

■h 

467 

6 

38 




p 

P 

66g6 

298 

7 ‘ 5 ° 


750 

350 


lOS 

40 




M 

M 

6o'zS 

— 109 

+■ 3'93 

4- 

393 

' 2.1 

4 - 

263 

41 





F 

6 1 ‘42 

37 

2-33 


2.33 

4- 363 


559 

42 




T 

T 

<55-85 

•f 240 

— 6*50 


640 

"" 97 

— 

5°7 

43 




li 

R 

63-61 

lor 

+■ 1-83 

4- 

183 

■1“ 93 

+ 

377 

44 


27 th 

Between sets No. 

209 and 210 . 

u 

0 

u 

R 

<55-35 

68-3 X 

4- 209 
395 

-h 2-67 
- 1-70 

4- 

267 

170 

4- 283 
93 

+ 

759 

318 

45 

46 




p 

P 

< 58 ‘o 6 

379 

7-23 


723 

35 <2 


6 

47 

4S 




p» 

P 

67-76 

360 

7*62 


762 

350 


C2 




M 

M 

66.2j 

266 

4- 3-00 

4 “ 

300 

2 1 

+ 

545 

49 




N 

T 

F 

T 

65-72 

232 
— ( 5 o 

_ .73 

4' 80 


73 

480 

■1-353 
— 97 

, ^ 

522 

<537 

50 

51 




li 

R 

<55 IX 

+ 195 

-t- 1-60 

4 - 

160 

4- 93 

+ 

448 

5 » 

January 

3 rd 

Between sets No. 

283 and 284 . 

U 

0 

R 

R 

63-85 

65-ox 

4 - 116 
188 

-H 2-77 
•00 

+• 

277 

0 

283 

03 

4 - 

6)6 

281 

53 

34 




p 

P 

65-96 

248 

- 7-67 

— 

767 

350 


169 

as 




M 

M 


266 

4- '28 

4 - 

28 

— 21 

4 - 

273 

55 




N 

F 

68*42 

401 

— 2-13 


2x3 

4- 363 


551 

57 




T 

T 

08*r< 

384 

7-73 


773 

— 97 


486 

58 




R 

R 

09*6i 

476 

*00 


0 

-i- 93 

4 - 

559 

59 

J) 

0th 

Between sets No. 

U 

R 

58-95 

- 191 

- 3-90 

— 

390 

4 ” 283 


298 

60 



297 and 298 . 

0 

R 

63-31 

+ 82 

4- '70 

-4 

70 

93 

*f 

245 

6r 




p 

P 

60*46 

7 9<5 

- 2-^0 

— 

250 

350 

4 

62 




M 

M 

63-45 

+ 91 

H- 2-90 

4 - 

290 

— 2 I 


360 

53 




N 

F 

63-92 

120 

2*27 


227 

' 4 " 35-3 


710 

64. 




T 

T 

<55-^5 

228 

— 3-80 

— 

380 

“ 97 

— 

2^9 

55 




R 

R 

60-31 

— 106 

4- 6-00 


600 

93 

4 - 

587 

‘ 65 


11th 

Between sets No. 

U 

R 

<53-25 

+ 78 

4 - 4-32 

+- 

432 

4- 283 

+ 

793 

67 



388 and 389 . 

0 

R 

^3 ‘3 1 

82 

•60 


60 

93 

235 

68 




p 

P 


- 159 

- 1-50 


150 

350 


41 

,69 




M . 

M 

59‘75 

141 

4- 6*00 

+- 

600 

•— 2 I 


438 

70 




N 

F 

62-42 

4- 26 ■ 

2'70 


270 

+■ 3^3 


<559 

71 




T 

T 

<5455 

159 

— 4-00 

— 

400 

“ 97 

— 

338 

72 




R 

R 

61-31 

- 43 

4 - 5-00 

+- 

500 

+• 93 

4 - 

550 

73 

January 

12th 

Betwoon sots Ko. 395 and 396. 

S 

S 

<53-94 

- 4 - 121 

4 - 4-10 

+• 

4x0 

- 75 

4 

45<5 

74 


18 th 

Between sets No. 471 
and 47 2 . 

u 

R 

<55-55 

+ 222 

-f- 3-03 

4 - 

303 

4- 283 , 

+ 

808 

15 




0 

R 

68-71 

420 

— 1*40 

— 

140 

93 


373 

75 




p 

P 

<55-93 

246 

'8-83 


883 

35 ° 

— 

287 

17 




M 

M 

65-°5 

191 

+ 6*50 

+ 

650 

— 2 1 

4 - 

820 

78 




N 

F 

66-62 

289 

•00 


0 

4-353 


65a 

79 




T 

T 

63-35 

84 

~ 1-20 

— 

120 

- 97 

— 

133 

80 




S 

S 

67-04 

315 

+ 2‘40 


240 

75 

-1- 

480 

8x 


* These microscopes were compared a second time, because tlxey were adjusted after the first comparison. 






DEHEA BOON BASE-LINE. 

During the ls!( measurement — (Continued). 


When compared 

1835 

Microscope. 

Scale compared witli, j 

Corrected tempera, 
toe. 

J 

-S's 1! 
§§f^ 
■■§•3 II 

,5 ^ ° J 

^ pjH 

Microscope 

Microscope Scale. 

l-i 

1’^ ■ 
•• CD 

•S 

a 

Micros : — Scale 
at 62® Pall, 

m. L 

Eeferenee 

number. 

Oibsert^eBj value in 
terms of 

Divisions 
10000 = 1'^ 

mA, 

24th January 

Between sets No. 517 

V 

u 

60-83 

- 72 

+ 77® 

+ 730 

+ 283 

+ 941 

82 


and 518. 

0 

It 

62-61 

+ 38 

4 ' 5 o 

45® 

9.3 

381 

83 



0^ 

p 

67-61 

^51 

- 170 

- 150 

93 

294 

84 



jp 

p 

6i'J2 

~ 55 

2*37 

237 

33° 

58 

83 



M 

M 

61-23 

47 

+ 6'8o 

+ 680 

— 21 

6i2 

86 



N 

N 

66'33 

+ 270 

0*40 

40 

+ 3 <53 

(573 

. 87 



T 

T 

5^*55 

— 216 

2-30 

230 

- 97 

7 ^‘5 

■88 



S 

S 

38-64 

210 

8-33 

833 

75 

+ 548 

89 

31 st „ 

Between sets No. 

U 

u 

< 5 a ‘33 

+ 22 

+ 2-83 

+ 283 

+ 283 

+ 38S 

90 


622 ^ and Q' 22 ^. 

0 

R 

6o-or 

— 124 

1-32 

f 132 

9.3 

lOI 

91 



P 

P 

59-86 

LH 

- 4-76 

~ 476 

33® 

— 260 

92 



T 

T 

< 53'35 

+ 84 

®‘57 

257 

- 97 

270 

93 



N 

N 

62-02 

Jt 

*00 

0 

+■363 

+ 3*54 

94 



M 

M 

62-65 

41 

+ 8-33 

+ 833 

— 21 

85.3 

95 



S 

8 

60-94 

~ 66 

5 ' 9 ® 

590 

75 

449 

96 

5 th February 

>? 

P 

P 

62-3 r 

+ 20 

3'20 

32® 

+ 93 

633 

97 


The required combinations of individual microscope errors taken from pages II- 

-_o. are eixuresshd as follows : 


to II— I g, are expressed as follows; 

^Reference numbers* 

6^= 2 + 3 4+- 5*+- 6+- 


-i6 


mem temjp 


rjLH ,0 O 

..—X- =1 + 2271 at (6a — 0*09) 

2 

ea= Q + xo + 11+12-1- 13 -f = + 2631 at (62 + 7‘oi) 

2 

e 16 + 17 + 18 + xp + 20 + — = + 2063 at (62 + 4*69) ^ 

c 4 = 16 -f- 17 + 18 + 19 + 30 + = + 19^6 at (63 -f 5-0+) g 

2 O 

« 5 = 34 -f 36 -p 37 -h a8 ■+ 29 + — = + 1003' at (63 + 5 ' 7 * 5 ) | 


X ” 

e g = -j- 36 ■+• 37 *P 38 -p 39 "f " ^ ~ “P ^^9 'h ^' 3 S) ® 

« 7 == 33 -j- 33 + 34 + 33 + 3*5 + - — ~ ~ + ^^^3 (*52 + 5’37) f*J 

2 


^ g = 39 4 - 40 -f 41 -f 42 + 43 + 

« j ss 46 + 47 + 49 + 30 + 31 + 

~ 45 + 48 + 49 + 3® + 3 ^* + 


2 

38 +-44 

3 

43+^2 

3 

43+52 

3 


+ 639 at(32 + i'3o) 
+ 1338 at (63 + 377) 
+ 1300 at (63 + 372) 


before the moasuremont 
between sets 32 & 23 
„ 49 & 50 






$) 


V 


7 ) 


do. 

71 A: 73 
do. 

129 & 130 
166 A: 167 
309 A; 210 
do. 






MICROSCOPE COMPARISONS. 


II. 


During the 1^^ measurement — (Contiiined.) 

Reference nwnlers. _ . 

I -1 9 iX$%ik 

^11 “ 54 5 *^ + 57 4 ‘ 5^ 4 - ■— = + 1073 at {G% + 4*75) 

+• 1215 at ( 5 a + 074) 


®i2 = <5^1 + 52 + 63 + 64 4- 55 + 


a 

60 + 55 


‘^13 


o 


= 58 + 5 p + 70 + 71 + 72 + ^ -.0*04) 

= 68 + 59 + 70 + 71 + 73 + ^ 

= 68 + 69 + 70 + 71 + 72 + ~ 4. 1(550 +o*i8) 

= 75 + 77 + 78 + 79 + 80 + « + 2069 at (52 +3'99) g. 

%= 83 + 85 + 86 + 87 + 88 + = + 25 o 5 at(5a - 0-40) ^ 

«i8= 84 + 83 + 85 + 87 + 88 + ^ 4. I 

^12= 91 + 9^ + 93 + 94 + 95 + = + ,307 at(5a -o^i) 


between sets 283 & 284 
297 1% 39B 


» 


''IS 


na 


w 


s» 


388 & 3H9 

tin. 

( do. and 
< 395 *'5595 
47* A'- 473 

51741518 


9t 


Cjo = 9 * + 9a + 93 + 94 + P 7 + 


90+96 


do. 

ji 6aaj45 63aij 


+ 1087 at ( 5 a — 0*47) 


from the fotegoing, we obtain tlie following ofinations for 
Tnch ieXs!^ ’ ® vahiB „f 


tine micmHno|m errtr 
the oxpanHiou lor tli 


(m.e.) j = —I ^ 2 




(m.e.) 3 = 


g 3 + g 3 


+ 2451 5 X 345(7.&’ applicable to sots Nos. 

= + 2347 - 5 X S'BsdJS „ 


(m.e.) 3 
(m.e.) 4 


= ^ s 
2 

^ <? ^ + 6 


+ 1480 

- = + 916 


6 X 5-40 < 7 Ar’ 
5 X 5-85 c 7 Ar 


?> 


M, = tl^« = + 89 S-«x 3-44« 

(m.e.) a = -' 7 '’’ = + 994 - 6 x 2-(S4.i« 

(»..«.), = Sa^ = + „85 _ g ^ 

(•»•«■) , = ^JliSS = + JI4^ - (5 X « 

(»..) , = = + I 4 «, _ 6 X 0-3 J dE 

(m.e.ho = ei4 = + 3151 + 5 x 0-31 (7J? 

= ,S 6 s- 6 xr^dE 


)7 


n 


»? 


>> 


77 


7$ 


7t 


<^16+®17 


(».,.)„ = as±ss 

2 


(m,e.)i2 

(m.e.)j 

(m,e.}u 


- + 2338 - 6 X r8o dS 

= + 1813 ~ 6 X 0*01 dM 

= + 1087 + 5 X 0*47 rfir 




77 


77 


n 


?> 


I to a a 

231,0 49 

50 to 71 

72 to rap 

130 to 1 55 

167 to 209 

210 

284 to 297 

298 to 388 

389 to 395 

395 to 47 r 

472 to 517 

5*8 to 621 
6 a a 



DEHEA BOON BASE-LINE. 

During the 1^^ measurement — (Continued.) 



Hence the total microscope errors are as follows, 


Ie sets Nos. 


1 to 56 - 


== 

I7(».e)s = 


m.i. feet of A 

53933 — 457 dE — 0*0045 “ 457 

^ 33*^9 “ 948 dE — 0*0053 “ 94 ^ 

35160 — 551 dE = 0*0031 — 551 dE 


sum = 0*0119 — 1956 dE 


In sets Nos. 


r 


57 to 157^ 


5 (j».e)s 

38(m,e)5 


7400 — 162 dE = o*ooo 5 — 162 dE 
53138 — 3039 dE = 0*0044 — 3039 dE 
35088 — ^)8 dE = 0*0031 — dE 


sum = 0-0071 — 3779 dE 


In sets Nos. 158 to 319^ 


V. 


9(m.c)5 

43 ('«*•«)« 

io(«i.e)7 


8064 — iZ6 dE — 0-0007 ~ 

4374^ — 681 dE = 0-0036 — 681 dE 
11860 — 354 dE = 0-0010 — 354 dE 


sum = 0-0053 ■“ <tE 


In sets Nos. 330 to 389-! 

64(m.e)y = 

T-d^-e\ - 

9 .r(m.e)g = 

L I (ra-e)io = 

75904 - 
16016 — 
133951 - 
3151 + 

1628 dE = 0-0063 “ 
231 dE = 0-0013 — 
191 dE = o-oin — 
2 dE = 0-0003 + 

1628 dE 
331 dE 
191 dE 
3 dE 




sum = 0-0189 

3048 dE 

In sets Nos. 390 to 520^ 

r 6(m.c)io = 

1 76 (TO.e)ii = 

1 46 (m.c)i 2 = 

L 3 (^-e}i 3 = 

13906 + 
141740 — 
107548 - 

5439 “ 

II dE = 0-001 1 4- 
953 dE = 0-0118 — 
497 dE = 0-0090 — 
0 dE '= 0-0005 “ 

II dE 

953 dE 
497 dE 
0 dE 




sum = 0-0224 ~ 

1439 dE 

In sets Nos. 531 to 633 -| 

'‘loi ~ 

. iMi' 4 .= 

183113 — 
1087 -4 

6 dE = o-oi 53 — 
^dE = o-oooi 4- 

6 dE 
3 dE 




sum = 0-0154 — 

^dE 



MICEOSCOPE COMPARISONS. 


II 


During the \st Measurement — (Coatiaued.) 


21 


Final deduction of the total lengths measuied with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionallj ; Le. in terms of the 
6-inch brass scale A. Bat from page ( 31 ), we have 2 A = roooo 193 value in 1835 . lisa 
the coefficient of expansion tor brass, has been taken at '000,010,417 in the foregoing reduc- 
tions, whereas it appears from page ( 17 ) that -000,009,855 is a more probable value. Accept- 
ing the latter, it may be found that 3-372 {m.i). Hence, remembering that the length 
measured with a set of microscopes is ecpial to 3 feet of 1 -f- the correspouding (m,e), we have, 


Total length measured with the compensated microscopes 


or W. 


In sots Fos. I to 66 
End, to Pin No. i 


„ Nos. 67 to 157 I 
or Pin No. i, to I’in No. a (Stn. A) j 

„ Nos. 158 to 319 ) 

or Pin No. a (Stn. A), to Pin No. 3 J 

„ Nos. 330 to 389 I 

or Pin No. 3, to Pin No. 4 (Stn, B) j 

„ Nos. 390 to ijao ) 
or Pin No. 4 (Stn. B), to Pili No. 5 / 

„ Nos. 531 to 533 1 

or Pin No. 5, to E. End J 

„ Nos. I to 62a ■> 

or W. End, to E. End J 


feci of A feei of 

. . .=1 65 x 3 +-oii 9 | -I 935 d^=( 198-0157 — ’0005)= 198-0153 
. . . =1 9 iX3+-oo7i| 273'oi33— -0008)= 273-0115 

. . . = I 63 X 3 +-O 053 I -II 3 I c®=( i 85 'oo 89 --ooo 3 )= i 85 -oo 85 

. . . =1 i7oX5-f -01891 — 2’048 dE =(^ 5io'o387— -0006)= 510-0381 

• • > = I I 3 IX 3 +' 0324 | -I 43 P‘^^^=C 393 '0399 --0004)= 393‘0395 

. . . = I 102 X 3 "t’o-iSd I ■” 3 dE —(^ 2. 15 “’0000)5=5 3 o 5 ’ 03 I 3 


5 =( i 865 ‘i x 68“’ oo 26)= 1865-1142 



IT— _ DEHRA BOON BASE-LIITE. 

M Jj 

Comparisons between the Compensated ^fieroscopes and their Q-inch brass scales diirinn the 2nd 
measurement, and provisional determination of microscope errors with respect to the S-incIi 
brass scale A, expressed in millionths of an inch (m. i.). 




MTCROSCOPK COMPARISONS. 



During tk 2nd me&surment — (Continued.) 

The required comhinations of iadividual microscope errors taken from the preceding 
page, are expressed as follows ; 





Reference numbers' 




1+7 


m.i 


, 0 


0 





^1 ~ 

z 

+ 

3 

+ 


+ 

6 

4 - 

8 

4 - 

' / 

2 

+ 

1904 

at 

(62 

4 - 

176) 


before the measnxemeat. 

^2 = 

z 

4. 

3 

+ 

4 

+ 

S 

4 ' 

6 

4 - 

1+ 7 _ 

2 

+ 

1828 

at 

(62 

4 - 

I'lo) 


3 J 



= 

10 

+ 

12 

4 - 

13 

+ 

15 

4 " 

i 5 

4 - 

9+’‘7 _ 
2 

+ 

1426 

at 

{62 

4 - 

io'68) 

a 

betwcea sets 

ij^t 

tnd ii 5 

^4 = 

II 

+ 

12 

+ 

14 

+ 

15 

+ 

1(5 

4 " 

17+ 18 

2 

+ 

^57 

at 

(62 

4 - 

irpo) 

§ 

0 

m 

*C 

if 



eg = 

20 

+ 

2r 

+ 

22 

+ 

33 

4 " 

24 

+ 

i 94 - 2 <; _ 
2 

— 

772 

at 

(62 

— 

0*43) 

S 

0 

Jj 

333 

5 ) 2-34 

eg = 

27 

+ 

28 

4 - 

29 

+ 

30 

+ 

31 

4 * 

264-32 _ 
2 

— 

516 

at 

(62 

— 

^•35) 

0 

a 

2 

J) 

4<^6 

„ 4-66 

^7 = 

27 

+ 

28 

4. 

29 

+ 

30 

4 - 

31 

4 " 

3 ^ 4-33 _ 
2 

•— 

168 

at 

(62 

+ 

075) 



490 

»» 491 

eg = 



3<5 

4 - 

37 

4 “ 

38 

4 " 

39 

4 * 

344-40 _ 

2 


304 

at 

(62 

4 - 

I'io) 


after tho measm’enaeriLt. 


And from the foregoing, we obtain the following equations for the microscope errors per 
set (or m.e) ; where dU expresses the error in the adopted value of the expansion of the 
G-iiich scales, 


m.i 


i— ' 

il 


+" 

1904 

— 

dx 176 

dJS 

applicable to set No. i 



II 

1! 

+ ^ 

+“ 

i6i‘] 

— 

6 X j ‘89 

dE 

* „ 2 

to 



_ 

2 

— 

308 


6x374 

dE 


to 

333 

(m.e\ = 

vtf» — 
2 

— 

<544 

+ 

6xo‘84 

dE 

» - 33 + 

to 

4<^3 


«(! 

— 


+ 

6xi'23 

dE 

„ 466 

to 

490 

li 

+ % 

2 


236 


6xi’i7 

dE 

» 491 

to 

<622 


Hence the total microscope errors are as follows : 


In sets Nos. i to 102= -j 

ioi(w.e)3 = 

1904 ~ 11 dE — 

164327 - 3569 dE = 

feet of A 

0-0002 — U dE 
O' 0 i 37 - $6^9 



sum = 

o‘oi39 — 3580 dE 

In sets Nos. 103 to 333 = -* 

r J3{m.e\ = 
(_ii8(w.e)s = 

21151- 459dlB = 
— 36344 — 4064 dE = 

0-0018 — 459 dE 
— 0-0030 — 4064 dE 



sum 

— o’ooia — 4523 dE 

In sets Nos, 334 to 403= 


— 109480 4- 857 dE = 

— 0-0091 4- 857 dE 


(Total microscope eixors contiauecl on next page) 



^4 


DEHRA DOON BASE-LINE. 


IL 


JDiinng the 2nd measurement — (Continued.) 

Total Microscope errors (continued from preceding page) ‘ 

In sets Nos. 404 to 455 = 6 % {m.e),^=— 39938 -H ^1% dE 

- 12900 4- 188 dE 


In sets Nos. 466 to 556 = 


(m.e) 


sum 


In sets Nos. 557 to 63a = 66 {m.e)^ =s— 1557<5 — 463 dE 


- o‘oo 33 

4 " 

313 

dE 

— O-OOII 

4. 

j88 

dE 

— 0*0013 

— 

453 

dE 

— 0*002i4 

— 

275 

dE 

— o’ooi 3 

— 

4^53 

dE 


I’inal deduction of the total lengths measured with the compensated microscopes. 

Hitherto tlie microscope errors have been determined only provisionally ; i,e. in terms of 
the 6-incli brass scale A. But from page ( 31 ), we have 2 A == rooooipa value in 1835 . 

Also, the coefficient of expansion for brass, lias been taken at •000,010,417 in the foregoing 
reductions, whereas it appears from page ( 17 ) that -000,009,855 is a more probable value. Accept- 
ing the latter, it may be found that (iA = 3-373 (m.i ). Hence, remembering that the length mea- 
sured with a set of microscopes is eipal to 3 feet of A + the corresponding (m,e ), we have. 


Total lengths measured with the compensated microscopes 


In sets Nos. i to 102 ) 

or E. End, to Pin No. 5 J ‘ ’ 

. feei of A . feet of A 

. , . . = |io2 X3 H-'oi 39 j — 3580 cZ 5 (=( 3o6'oi98— *0010)= 306-0188 

„ Nos. 103 to 233 ) 

or Pin No. 5, to Pin No, 4 (Stn. B) J ’ * 

. . . . = [i3iX3-*ooia 1 -45^3 dE=:( 006$ — '0013)— 393-0050 

„ Nos. 234 to 403 1 

or Pin. No, 4, (Stn. B), to Pin N0.3 J ’ * 

....=: 1^170x3— '0091 1 + 857 d.i®'=( 510-0007 4- -000 3)= 510-0009 

„ Nos. 404 to 461; ■> 

or Pin No. 3, to Pin No, 2 (Stn. A) i * • 

. . . . = ^ 63X3— '0033 1 4 - 313 di?=( i86'ooo3-t--oooi)= 186-0004 

„ Nos. 466 to 556 -i 

or Pin No. 2, (Stn. A), to Pin No. i j * ' 

. • . . = 91x3— '0024 275 cL&=( 273 ‘oo28— *0001)=: 273*0027 

„ Nos. 557 to 622 *1 

or Pin. No. i, to W. End ) ' ' 


„ Nos. I to ( 5 a a f 

or E. End, to W. End j • ' 




DEHRA DOON EASE-LmE. 


DETAIXS OF THE ISf MEASUBJEMENT. 

Disposition of the bars and microscopes. 

Typical illustrations shewing the permutations and combinations of the bars and micro-* 
scopes during the 1st measurement. The instruments are here named in the succession that 
actually occurred, commencing from the rear-end of a set; and the numbers assigned to the. 
illustrations, will be found employed in the tables of “ Extracts from the Field Book &c.” 

Bar Illustration. Microscope Illustration. 

No- 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 1 No. S No. 3 No.4 No. 5 No.6 No. 7 No.8No.9 


¥n 


IT] m 

nUsj 


Statement. 


Statement. 


No. 6 „ set No. 622 ^, 


No. 1 occurs insets Nos, i to .301, 'in set No. 303 No. 1 occurs hi sets Nos. 1 to 49, aud in sets Nos. 396 to <517. 

ami in sets Nos. .304 to 61 7. No. 2 „ sots Nos. 50 to 301, in set No. and in sets’ 
No, 2 „ sot No. 302^. Nos. 304 to 388. 

No. 3 „ sots Nos. ,3022 aud 622.). No. 3 „ set No. 302^. 

No.4 „ Nos, 6181,6191,6201, 52Ii&622i. No. 4 „ No. 3023. 

No. 5 „ Nos. 6183,6193,6203,6213. No. 5 „ sets Nos. 389 to 393. 

No. 6 „ set No. 6223. No. 6 „ Nos. 6181, dip^, 6201, 62 ij and 6213. 

No. 7 „ Nos. 6183, 6190, 6200, 62 lo. 

No. 8 „ set No, 6223. 

No. 9 „ No, 6223. 

Extracts from the MeU Booh of the mmsmemeni, and calculated heights of sets above ih origin. 

Adopted heights above mean sea level. 

West End (origin) = 1770*1 feet. 

East End (terminus) = 1957*7 feet, 


iV'lioii com.- 

pared ” 


Mean time of 
ending. 


Numeral 
Blowing 
arrange- 
ment of 


Wlicn com- 'S 
pared ® 


1st Dec. 


h. m. 

2 3 F.M. 

3 15 

4 20 

9 31 A.M, 


6 o '3 10 40 


54 



Mean time of 
ending. 


Numeral 
showing 
arrange- 
ment of 



2nd Dec. 7 
8 


h. m. 

2 56 p.M. 

3 49 

4 44 

8 3 A.SI, 

0 6 


58'8 10 12 



Note. — The rear-end of set No. 1 stood exactly oier the dot at West-End. 











DEHEA BOON BASE-LINE. 


Wlien com- 
pared 


JExtTCtds from the Field Book — (Continued.) 


02 tH 


Mean time of 
ending. 


ISTumeml 
shewing 
arrange- 
ment of 


When com- ^ 
pared o 


Mean time of 
ending. 


. ^ 
o 

s 


Numeral 
shewing 
arrange- 
ment of 


3rd Dee. (sfo 
14 dpp 
1.5 yo'o 

16 68’o 

17 587 

4th jj jp jf.8’a 

10 54-8 

21 ^^8-8 

22 63 '0 

23 72-8 

34 72'0 

35 6 j-j 

26 cd'l 

5 tli „ 37 46-0 

28 54*d 

29 6o'3 

30 (54*3 
.31 7 . 3‘9 

32 73-0 

33 <Jo\5 

p., -34 50-5 

» 33 42 'd 

3<5 49’3 

•87 54-9 

•38 ' 59'4 
39 74 -J 


h. vu 

1 1 0 A.M. 

3 0 P.M. 

3 3 

3 55 

4 39 

5 20 

8 0 A.M. 

8 51 

9 47 
JO 35 

2 1 1 P.M. 

3 9 

4 6 

5 *5 

8 3 A.M. 

9 II 

10 17 
10 58 

a 58 MI. 

3 38 

4 29 

5 J7 

8 2 A.M. 

8 47 

9 38 

10 19 

I 29P,M. 


6th. Dec. 


•3 I 

’4 I 

I'2 I 

rs I 

i-a r 

•6 r 

'2 X 

‘2 I 

•I I 


40 76' 8 

41 77-2 

42 66'9 

43 62‘6 

44 53-3 

45 43-3 
45 5o’o 

47 55-8 

48 59-8 

49 <54-3 

50 73'8 

51 ^i '3 

52 3 i '8 

53 40'9 

54 4 < 5'6 

55 5^'8 
5*5 57‘3 

57 62-2 

58 75-5 

59 7 < 5 -o 

60 76T 

61 54’5 

62 49'8 

63 58 8 

64 65-5 
<55 74 ’o 
66 73-0 


7i. OT. 

2 1 8 F.H. 

3 12 

3 50 

4 30 
6 9 

8 14 A,K. 

9 o 

10 I 
JO 33 

11 13 

3 51 J’-M. 

4 3J 

5 Ji 

8 4 A.M. 

8 48 

9 3<5 

JO J3 

10 51 

2 o P.M. 

3 7 
3 58 

5 J 5 
9 o A.M. 
10 10 

11 15 

2 10 P.M. 

3 54 


6 - 
6 
6 
6 

6 4 " 
6 
6 
6 

5 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 3 

6 ] 


The dot oiiJPia No. 1 was fixed exactly in the normal at the advanced end of set No. 66. 
Height of Set No. 66 above Pin No. 1 = a*i feet. 


llthDec. 6y 39*0 

68 47-j 

09 54’o 

70 57'5 

71 64-4 

72 74-0 

73 72-5 

, „ , 74 5d'6 

12th „ 7^ 43 -p 

75 5 i '8 

77 53-5 

78 55'9 

79 58'(5 

80 38-4 

81 56-4 

82 55'o 


7 

40 A.M. 

6 

4- ii'6 

8 

44 

6 

ir8 

9 

34 

6 

IX'O 

10 

24 

6 

10-6 

II 

7 

6 

107 

2 

43 P.M. 

6 

JO -5 

3 

52 

6 

JO'S 

4 

52 

6 

87 


8 0 A.M. 

8 55 

9 40 

10 33 

11 21 

2 I7P.M. 

3 30 

4 32 




13th Dec. 83 50-8 

84 54-0 

85 5 < 5-5 

86 60-5 

87 64’o 

88 7 o’o 

89 66*2 

90 56-6 

15th „ 91 42-8 

9^ 45'3 

93 46-4 

94 48*6 

95 5J’4 
9^ 53 ‘5 

97 57-8 

98 oi_5*8 


7 59 A.M. 

8 49 

9 32 

10 24 

11 8 

3 5 P-M- 

3 58 

4 44 

7 46 A,M. 

8 16 

8 47 

9 16 

9 53 
JO 34 
n 13 
I 40 P,M. 


6 + 6*9 



DETAILS OF THE 1st MEASHEEMEJS^T. 


Extracts from the Field Boo'k — (Continued.) 


IL 


“27 


Wlien com- 
pared 

1834 * 

4 ^ 

0) 

m 

<D 

0 

1 

1 

2 Mean time of 

1 elldmL^ 

g 

0 

rtf 

§ 

TO 

§ 

0 

'A 

Height of Set aboTe 
origin. 

KTunieral 
showing 
arraiigo- 
ment of 

VVlion com- 
pared 

1834 

4A 

CD 

1 

0 

'll 

1 

tM 

0 

u 

1 

u 

© 

Phi 

r 

Moan time of 
ending. 

nrS 

1 

% 

0 

1 

Height of Set above 

origin. 

Fximoral 
sinewing 
arrange- 
ment of 1 

i 

w 

0 

1 

S 

a 

W 

cn 

1 

.a 



0 A. 

m* 


feet. 





0 

h. m, 


feet. 



iStliDec. 

99 

dyp 2 

16 P.M. 

6 

+ 8‘i 

I 

2 

17 th Dec. 

129 

75*5 

2 37 P.M. 

6 +- 317*1 

I 

2 


100 

66' 3 2 

54 

6 

8 ', 3 

1 

2 

18 th „ 

130 

5 ° *3 

7 43 A.M. 

6 

24*9 

I 

2 


loi 

67-8 3 

25 

6 

9-0 

I 

2 


131 

5 J '9 

8 ir 

6 

. 34’2 

I 

2 


102 

62-3 3 

5 <> 

6 

9 '3 

I 

2 


T32 

53*5 

8 45 

6 

24*6 

I 

2 


103 

58-8 4 

29 . 

6 

10*0 

1 

2 


133 

54*5 

p 18 

6 

24*5 

T 

2 


104 

5°’9 5 

14 

6 

12 '5 

T 

2 


154 

5 , 5 '^ 

9 53 

6 

3^*3 

I 

2 

16 th „ 

105 

40-9 7 

43 A.M. 

6 

13-2 

I 

2 


135 

58',3 

10 23 

6 

25*5 

J 

2 


io 5 

43-0 8 

33 

6 

13*3 

1 

2 


136 

61-5 

1 1 7 

S 

25'0 

1 

2 


107 

49*0 9 

7 

6 

147 

I 

2 


137 

' 54’3 

1 I 41 

S 

23*8 

I 

2 


108 

52-8 9 

38 

6 

15*1 

I 

2 


1.38 

69-3 

2 I3P-M. 

s 

34-6 

I 

2 


JO9 


II 

6 

x6’4 

I 

2 


1.39 

68- 1 

3 49 

5 

33*9 

I 

2 


110 

58-9 10 

47 

6 

17-4 

I 

2 


140 

66-3 

^3 ZT 

5 

33 *5 

I 

2 


III 

6,3 '0 II 

21 

6 

i7'6 

I 

2 


m 

66' 2 

3 

5 

23*4 

I 

2 


iia 

66-3 11 

49 

6 

i7'8 

I 

2 


142 
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22*7 
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2 
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32*7 

I 

2 
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35 

6 

197 

I 

2 


H 7 

55 ‘o 

10 2 

5 

33*9 

I 

2 


118 
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4 

6 

W 9 

I 

% 


148 

36'(5 
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35-1 

I 

2 
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119 
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6 
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J49 
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11 13 
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35*1 

I 
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43'8 8 

19 
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17-2 
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6 
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17*5 

I 
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62*4 
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6 

25*5 

1 

2 
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53 '0 9 

51 

6 

197 

I 

2 


1^3 

62'5 

2 31 

6 

25-3 

I 

2 


123 

58’8 10 

3 JC 

6 

20*2 

I 

2 


153 

67*0 
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6 

a 6*5 

I 
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124 

5 r 3 II 

a 

6 

20-8 

I 

2 


154 

65*8 

3 3 ^ 

6 

36 ' 5 

I 

2 


125 

65*3 If 

47 

6 

21-6 

I 

2 


155 
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4 6 

6 

37 ' I 

I 

2 


126 

67'3 0 

23 P.M. 

6 

22'2 

I 

2 


156 

( 53 * I 

4 3*5 

6 

2y*’8 

I 

2 


127 

72-8 I 

/ 

6 

237 

I 

2 


J 57 

36*2 

5 7 

6 

23*3 

I 

2 


128 

73*3 I 

47 

6 

24'8 

I 
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1 The dot on Pin No, 

2 , Station A was fixed exactly in the noriaal at tlie advanced eni of set No. 157, 1 

Height of set No, 157 above Station. A 

= 3'5 feet. 









SOthJDec. ijS 

51*5 '8 

5 A.M. 

6 

4 " 28*4 

I 

2 

1 22 nd. Doc. 17 1 

57'4 

1037 A.M. 

6 

+ 27*3 

I 
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aS’a 
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6o'o 
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6 

2d*4 
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2 


160 
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6 

27-4 

I 

2 


^73 

7o'i 

I 3 2 P.H. 

6 

25*3 
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i< 5 x 
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27*1 

I 

2 


174 70*8 
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6 

24* I 
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2 


162 
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6 
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2 
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7o'o 

2 37 
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22*<5 
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59 

6 

aS'o 
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2 


176 6s'3 

3 5 

6 
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I 

2 
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62'9 2 

17 P.M. 

6 

28 'I 

I 

2 


177 

di'z 

3 40 

6 

3 j *0 

I 

2 


165 

62’0 2 

45 

6 

28 ’! 

I 

2 


178 

<5o'o 

4 13 

6 

23*0 

I 

2 


166 

59*9 3 

3a 

6 

27-9 

I 

2 


179 

58'9 

4 4a 

6 

22*^ 

I 

2 

22nd „ 

167 

42*4 8 

1(5 A.M, 

6 

277 

I 

2 
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53'9 

5 13 

6 

22*0 

I 

2 
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47*0 8 

52 

6 

28'0 

I 

2 

23 rd „ 

181 

35'3 

7 23 A.M. 

6 

22*2 

I 

2 / 


169 

51-8 9 

33 
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28’2 

I 

2 


183 

39‘9 

8 5 
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32*3 
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^ . 


170 

54-<5 10 

3 

6 

27'8 

I 

2 


i »3 45’5 

8 51 

6 

32*3 

I 
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28 


DEEIRA BOON BASE-LOTE. 


EximcU from the Meld Booh — (Continued.) 


When com- J 

1 

Cm 



rc 5 

<D 

? 

ISfumeral 

shewing 

Wlien com 

■* t 




rd 

CD 

0 

1 

l^"uineral 

shewing 

pared © 

a 




ts • 

arraiige- 

'I'nAia f a P 

pared 

U1 * 

0 




-P 

arrange- 


1 

Mean ti-me of 

i 

M.S 



0 

1 

Mean time. of 

CQ 

s 

© • 
m .a 

ment of 

■ ” 0 

1834 4 ^ 

u 

3 

B 



pQ 

,'s 

^ •H 

0 ^ 

;s ° 

o 5 

a 

m 

OQ 

0 

S 

•H 

a 

1834,-35 

'S 

1 

u 

E-l 


enaing. 

Cg 

0 h 

•SP 

e 

R 

m 

. 

23 rd Dec. 184 

0 

5°'3 

k 

9 

m. 

29 A.H. 

6 "f* 

faef. 
22 ’5 

I 

2 

24 th Dec 

. 202 

0 

71 ‘2 

7 i. 

I 

m. 

38 P.M. 

5 -1- 

feet. 
2 1*0 

1 

2 

185 

52-8 

TO 

6 

5 

22*0 

I 

2 


203 

71-8 

2 

24 

5 

y 

21-8 

I 

2 

186 

5 . 5-8 

10 

56 

6 

217 

r 

2 


204 

68’i 

2 

47 

(5 

22*r 

I 

2 

187 

69-4 

I 

42 P.M. 

6 

22*0 

I 

2 


205 

6j'z 

3 

^4 

6 

21*7 

I 

0 

188 

dp'S 

2 

n 

6 

21-5 

I 

2 


206 

63 ‘2 

3 

34 

6 

22*6 

I 

jt 

0 

i8p 

69'9 

2 

55 

6 

20‘I 

I 

2 


207 

6o-8 

4 

2 

6 

2Vl 

* 

I 

M 

0 

Jpo 

6z'6 

3 

25 

6 

19-8 

I 

2 


208 

57-5 

4 

33 

6 

34-? 

I 

M 

2 

Jpl 

6o'o 

4 

9 

6 

20*0 

I 

2 

29 th „ 

209 

54 -d 

4 

47 

6 

35-4 

I 

2 

J02 

54'5 

4 

40 

6 

19-4 

I 

2 

210 

39-5 

7 

57 A.M. 

6 

2 K'l 

1 

0. 

24 tli „ 193 

38 ’i 

7 

22 A-M. 

6 

19-8 

1 

2 


2ir 

43-8 

8 

34 

6 

34-9 

I 

2 

^94 

40 '6 

8 

3 

6 

20*7 

1 

2 


212 

47-9 

9 

<5 

6 

24-8 

I 

2 

195 

45'8 

8 

47 

6 

20'6 

I 

2 


213 

.5i‘6 

9 

41 

6 

2 ^‘0 

I 

2 

Ipo 

49 ‘o 

9 

18 

6 

21*1 

I 

2 


214 

55-5 

10 

20 

6 

2 

I 

2 

197 

198 

53-0 

5 . 5-5 

9 

10 

52 

18 

6 

6 

ar8 

22-2 

I 

I 

2 

2 


215 

21(5 

58-0 

6-7-9 

10 

X 

4(5 

32 P.M. 

6' 

6 

34-3 

24-4 

I 

I 

2 

2 

199 

60-5 

10 

57 

6 

22*2 

I 

2 


217 

68-3 

2 

4 

6 

35-5 

I 

2 

200 

6a'5 

II 

21 

6 

22*.55 

I 

2 
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67-7 

2 

3<5 

6 

2 C'4 

I 

2 
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n'S 

I 

33 

6 

22*0 

I 

2 


219 

66'o 

3 

56 

6 

25*5 

1 

2 

Tlie dot on 

PinISro. 3 ; was fixed exactly 

in the normal at the advanced end of 

set No. 219 . 


I Height of set No. 219 above Pin No. 3 = 

a‘5 feet. 
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DETAILS OF THE 1st MEASTTREMENT. 
Uxtmcts from the Meld Boole — (Continued.) 
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DEHRl DOON BASE-LINE, 


Extracts from the Field Boole — (Contianed.) 


Wlien com- 


Mean time of § 
ending. 


Iftimeral 
shewing 
arrange- 
ment of 


r lien com- “8 
paied “ 


CQ • 

Mean tim© of g m .3 
ending. *g -h^ 


[N'umeral 
shewing 
arrange- 
ment of 


9 th Jan. 353 65*5 ; 
$64 67*1 2 
3^5 <57-0 2 

^66 6o'6 a 

3^7 S 9 'S 3 
368 58-4 3 

3^9 57-5 4 
37 ° 5 7)' 3 4 
37 ^ 52 \^ 4 

372 47-8 S 

373 4.‘)‘3 5 

10th „ 374 28-5 7 

375 30-0 8 

376 33-6 8 


h. m. 

1 37 P.M. 

2 3 
a 26 
a 5(5 

3 20 

3 44 

4 

4 30 

4 50 

5 18 
5 41 

7 44 A,M. 

8 19 
8 49 


feet. 

<5 + 55'5 I 

(5 j6-6 I 

6 57'9 I 

J 59-2 I 

0 <5o‘,3 I 

<5 < 5 i '5 I 

6 627 I 

<5 63-4 I 

<5 647 I 

6 65 ’5 I 

6 67' I I 

6 <592 I 

<5 70-9 1 

6 727 I 


10 th Jan, 3 77 39'9 

! 378 44’4 

379 49'5 

380 53-0 

38^ 55'9 
382 57 ’p 
385 64'2 

384 <55-8 

385 6 s's 
38(5 58 'o 

387 57'5 

388 54-8 
12th „ 389 34-2 


ti. , 7 fl. 

9 22 L.m. 

9 5 ° 
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11 29 
Jti 54 

1 52 P.M. 

2 17 

2 47 

3 30 

4 12 
4 42 

8 16 A.M. 


feet. 

6 4 - 74 -, 

^ 75’3 



The dot on Pin No. 4 , i.e. Station B was fixed exactly in the normal at the advanced end of set No 380 

Height of set No. 389 above Station B = a-o feet. 
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399 
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33 
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2 

41 P.M. 

6 
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6 
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3 

39 

6 
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4 

17 

6 
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4 

50 

6 
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7 
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6 
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6 
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8 

59 

6 
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9 

28 

6 
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9 

59 

6 
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10 

30 

6 
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11 

.3 

6 
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ii 

35 

6 
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I 
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6 
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2 

24 

6 
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3 

0 

6 
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3 

27 

6 
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4 

0 
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25 

6 

105*3 

5 

5 

6 

104-9 

5 

38 

6 

105-1 

7 

55 

6 

104-7 

8 

3<5 

6 

103-0 

9 

J 5 

<5 

99*4 

9 

48 

6 

99 *J 

10 

30 

6 

98-7 

10 

52 

6 

98-5 

II 

34 

6 

98-7 

II 

67 

6 

97*9 



DETAILS OF THE IsT MEASUREMENT. 


n ,, 

j 

JExiracfs from fhe FieU Book — (Continued.) 


When com^ *g 
pared ® 

A 

Temperature of Air. 

nj 

0 

3 

Mean time of § 
ending. 

•s 

5 ^ 

<0 

& 

0 

•4a . 

0 ^ 

^ Q 

3 

H 

rfumeral 
shewing 
arrange- 
ment of 

When com 
pared 

. 4 

• (D Cij 

xa e 

^ 2 

f § 

0 g 

A ® 

(S &• 

^ a 

* 

ir$ 

0 

Moan time of ^ 
ondiag. ^ 

0 

1 " 

43 ' 

09 « 

^.g 

%!’ 5 P 

® S 

. 43 0 

’ Fnmeral . 
she'wing 
arrange- 
ment of 

- 

o 

1835 1 

w 

S 

W 

s 

S 3 

S 

1835 

1 

R 

I 


0 

h. on . 


feet . 




n 

h m. 


feet 



16 th Jan. 448 

71-5 

% 4 P.M. 

5 + 97*0 

I 

X 

| 19 tli Jan. 485 6o*5 

4 4 P.M. 

6 4 108-4. 

f 

I 

449 

71-9 

2 32 

6 

98*0 

I 

I 


486 53-2 

4 40 

6 

108-5 

I 

I 

450 

63-8 

3 

5 

99'4 

I 

I 


487 53 -0 

5 8 

6 

107-7 

I 

1 

451 

62 0 

3 5 ^ 

6 

lOI'I 

I 

X 

20th „ 

488 3y.3 

8 X A.M. 

6 

105-5 

I 

I 

45a 

59'5 

4 32 

6 

lOI'O 

I 

I 


489 41-4 

8 31 

6 

104-8 

I 

I 

453 

3 < 5'8 

4 59 

6 

99'2 

I 

X 


490 49-5 

9 23 

6 

103*0 

I 

1 

454 

31-8 

5 27 

5 

99‘4 

X 

r 


491 52-9 

9 51 

6 

103*2 

I 

X 

. , 455 

47'5 

5 49 

5 

99 H 

1 

I 


492 57’9 

10 31 

6 

104*4 

I 

1 

17 th „ 455 

3 i '9 

7 43 A..M. 

5 

997 

I 

X 


493 < 5 1 -2 

10 j6 

6 

104-5 

I 

1 

457 

34'9 

8 20 

6 

997 

I 

I 


494 60-5 

I 54 P.M. 

6 

105-0 

1 

X 

458 

40’ 2 

8 58 

6 

lOO'O 

I 

X 


495 59'8 

2 34 

6 

ior 3 

I 

I 

459 

46' I 

9 30 

6 

loi'S 

I 

X 


49<5 55-5 

3 0 

6 

105*5 

I 

X 

460 

j2-0 

10 13 

6 

103-1 

I 

X 


497 S^l 

3 31 

6 

105-8 

1 

X 

461 

5 < 5-4 

10 44 

6 

10.3.7 

I 

X 


498 ;55-8 

4 9 

6 

106-8 

T 

X 

462 

62'! 

II 20 

6 

104-4 

I 

I 


499 55-<5 

4 45 

6 

107-1 

I 

I 

463 

73 '<5 

I 43 P.M. 

5 

I04'2 

I 

I 


500 JO-2 

5 15 

6 

107*2 

I 

I 

464 

73;.3 

2 14 

6 

ioo‘8 

t 

X 

21st „ 

501 34-8 

7 45 

6 

107*6 

I 

X 

4 < 5.5 

65*0 

a 45 

6 

100*1 

I 

X 


50a 44'4 

9 II 

6 

107-0 

1 

I 

466 

64-4 

3 13 

6 

98-9 

X 

1 


503 S °'3 

9 5<5 

6 

105*4 

1 

I 

467 

6x'8 

3 42 

6 

98-8 

I 

X 


504 53-5 

10 39 

6 

106*4 

1 

I 

468 

< 3 o ‘2 

4 9 

6 

100*1 

I 

X 


505 55'8 

II 35 

6 

105-6 

I 

I 

469 

57'<5 

4 33 

5 

99‘7 

X 

X 

23 rd „ 

50^ 39’3 

9 II 

6 

106-5 

I 

I 

470 

53-5 

4 57 

5 

I00'2 

X 

X 


507 44-5 

9 43 

6 

1 08 *6 

I 

X 

471 

47'8 

5 a 3 

5 

101*0 

I 

X 


508 49-4 

10 2J 

6 

108-4 

I 

X 

19 th „ 472 

3 < 5'5 

7 35 A.M. 

<5 

I02‘0 

X 

X 


509 55 ’o 

11 12 

6 

107-1 

1 

1 

473 

4o'6 

8 6 

5 

104*1 

X 

X 


510 61-5 

0 a P.M. 

6 

107*5 

I 

X 

474 

44'9 

8 38 

6 

104-5 

X 

X 


51 1 <54-8 

0 42 

6 

ixri 

X 

I 

47.5 

49 ' I 

9 3 

6 

105-0 

x 

X 


512 71-7 

2 57 

6 

113*0 

I 

I 

475 

53 ‘o 

9 34 

6 

105-7 

r 

I 


513 69-4 

3 45 

6 

ii 3'5 

I 

1 

477 

5 < 5’9 

10 2 

6 

io 5-5 

I 

I 


514 < 56-5 

4 20 

6 

1X1*3 

1 

I 

478 

6i'8 

10 34 

6 

106-4 

I 

I 

24 th „ 

515 33-0 

7 45A-I^- 

6 

1 II -6 

I 

I 

479 

65'8 

II 3 

6 

X06-9 

X 

X 


5 1 <5 44-3 

9 2 

6 

1x4-8 

1 

I 

480 

70*3 

I X I P.M. 

6 

107-3 

I 

X 


517 < 5 i -4 

II 8 

6 

119-9 

I 

X 

481 

72-5 

I 46 

6 

■ 108-2 

X 

I 


518 72'5 

I J8 P.M. 

6 

122-4 

I 

I 

482 

7 i '4 

2 21 

6 

108-2 

I 

1 


519 71-2 

2 26 

6 

123*1 

I 

X 

483 

< 54'5 

2 51 

6 

107-7 

I 

I 


520 69-5 

3 19 

6 

123*9 

1 

I 

404 63'5 

3 23 

6 

107-8 

X 

I 








1 TBe dot on Pin No. 5 ^ was fixed exactlr in tlie normal at tlie advanced end of set No, 520 . 


Heiglit of set No. 520 above Pin No. 5 , = 

= a'ofeet. 







24 thLJan. 5^1 65 '9 

3 46 P-M. 

6 + I24-5 1 

I 

I 

26 th Jau. 

527 44‘3 

8 J 7 A.M, 

6 + I » 2 ‘^ 1 

1 

I 

522 

01*5 

4 26 

6 

124-2 

I 

I 


528 49-9 

9 31 

6 

izri 

I 

I 

523 

5 < 5*5 

4 5<5 

6 

123-0 

I 

I 


529 54-5 

10 3 

6 

121-6 

I 

I 

524 

47-5 

5 30 

6 

120-8 

I 

I 


530 60-3 

10 41 

6 

120*7 

I 

I 

Seth „ 525 

3 i ‘9 

7 5 I A.M. 

6 

J22*4 

X 

I 


531 65-5 

XI 21 

6 

121*7 

I 

T 

526 58-8 

8 30 

6 

122-7 

I 

I 


53 a 74-5 

I 44 P.M. 

6 

122*6 

X 

1 



II. 


"3* 


DEHRA BOON BASE-LINE. 

JExtfwcis frovn the JFteld BooJe — (ContinuBd.) 


lien com- 
pared 


1835 




Mean time of h 


ending- 


il 


< 3 > 




0 a 

to •” 


'm 




O ’W- 

|26thJan. 533 yy6 a i 6 p,m. 


27tli 


28th 


29th 


534 77-3 

2 

‘ 53 

6 

535 

: 77-5 

3 

1 24 

6. 

536 

i 76-0 

3 

5,5 

6 

537 

58-3 

4 

18 

6 

538 

66-3 

4 

41 

6 

539 

'53-5 

5 

9 

6 

540 

54-5 

5 

39 

6 

541 

33-9 

7 

55 

6 

542 

37-8 

8 

■23’ 

6 

543 

42-5 

8 

5° 

6 

544 

48-8 

9 

24 

6 

545 

53-5 

9 

5° 

6 

54<5 

5 <5-9 

10 

19 

6 

547 

59-8 

10 

44 

6 

548 

<53-5 

1 1 

16 

6 

549 

74‘o 

I 

34 P-M. 

6 

55° 

75-8 

1 

59 

6 

55J: 

76-9 

2 

21 

6 

552 

76-6 

a 

45 

6 

553 

71-5 

3 

5 

6 

554 

69-7 

3 

54 

6 

555 

69-3 

4 

20 

6 

55<5 

66*6 

4 

47 

6 

557 

‘55-4 

5 

1 1 

6 

558 

55-5 

5 

39 

6 

559 

3,3-4 

8 

6 A.-i!.r. 

6 

360 

37-.5 

8 

33 

6 

561 

418 

8 

57 

6 

362 

4^5-5 

9 

24 

6 

5^3 

52-3 

9 

53 

6 

5<54 

55-5 

JO 

22 

6 

6^5 

6o'o 

10 

54 

6 

366 

65-8 

TI 

34 

6 

5157 

71-7 

X 

40 P.M, 

6 

568 

73-8 

a 

18 

6 

5(^9 

66-5 

2 

47 

6 

57° 

<54-5 

5 

27 

6 

571 

62 -3 

4 

8 

6 

5172 

58-3 

4 

44 

6 

573 

58-0 

5 

2 

6 

574 

52-3 

5 

25 

6 

575 

30-5 

7 

35 ■a.m. 

6 

57^ 

34"5 

8 

4 

6 

577 

39*3 

8 

31 

6 

578 

44-0 

8 

57 

6 

579 

48-0 

9 

16 

6 

380 

51-5 

9 

43 

6 


124': 


130- 


130-8 


132 ' 


125- 3 

12(5-2 

126- 0 

126- 6 

127- 4 

128- 3 

128- 9 

129- 4 

130- 6 

130- 8 
129-0 

128- 1 
127-7 

129- 3 

13 1- 3 

'f33'8 

136- 2 

137- 9 

138- 4 

138- 9 

139- 9 

140- 4 

140-5 

140-9 

159-8 


Numeral 
shewing 
arrange- 
ment of 

CQ 

aa 

9 

3 


PQ 

a 

•t. 

3 I 

I 

2 X 

I 

4 X 

I 

I 

I 

I 

I 

) I 

X 

5 I 

X 

t 

X 

5 I 

I 

> I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

T 

I 

I 

I 

I 

I 

I 

I ( 

I 

I 

I 

I 

I 

I 

X 

X 

I 

I 

I 

I 

I 

I 

I 

1 

1 

I 

I 

I 

I 

T 

X 

X 

I 

I 

I 

I 

I 

r 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 3 

I 

I 

I 

r 

I 

I 

X 

r 

1 

r 

I 

I 

I 

r 

I 

I 

' I 

I J 

L 

I V 

■Itr -lY. 4- 



IWlien com- 
pared 


1835 


02 




Mean time of § 
ending. 


CD 

O) 


fl 


Numeral 
showing 
arrange- 
ment of 




0 

29 th Jan. 581 54-6 10 

582 57-5 

583 59-5 

584 63-8 

585 70-3 

58(5 72-(5 

587 73-5 

588 73 '9 

589 67-3 

59° <^5-5 „ 

591 <54-8 .3 

592 63-7 

593 <52-8 

594 ^J -3 

595 59-5 
59'5 53-0 
597 47-4 5 

>» 598 , 33 '5 8 

599 39-0 8 

600 44-0 

601 48-5 

602 51-5 

603 54-0 10 

604 57-1 10 
<505 59'8 10 

606 67-1 

607 69'5 

608 7X-I 

609 66.9 

610 65-5 
61 r 65-5 
6xa 64*5 

613 63-5 

614 62-3 

615 60-5 
6 i 5 55-6 
617 48-8 

„ 6181 36-3 

6182 41-4 8 

6ipj 48-0 

^192 53-3 . 
620^ 57-5 ^o 

0202 61-4 10 
daij 65-2 II 

62 1 2 67-5 
„ , < 522 i 67-4 


h. m- 

>10 4 A.11. 

/eeL 

(5 4 - 137-3 

I 

I 

10 28 

6 

137-2 

I 

I 

10 50 

6 

137-1 

I 

I 

• X I r9 

6 

139-0 

,r 

I 

4 p.ii. 

6 

139-0 

I 

I 

I 29 

6 

^ 37‘6 

I 

I 

I 55 

6 

139-3 

I 

I 

3 20 

6 

140-3 

I 

I 

2 43 

6 

140-8 

I 

I 

3 10 

6 

142-1 

I 

1 

3 33 

6 

142-9 

I 

I 

3 52 

6 

143-8 

I 

I 

4 12 

6 

144-4 

I 

I 

4 33 

6 

144-4 

I 

I 

4 55 

6 

144-5 

I 

I 

5 T 3 

6 

144- 1 

I 

X 

5 32 

8 1 1 A.!!. 

6 

141-9 

I 

I 

6 

144-0 

I 

— 1 

8 40 

6 

I 4 < 5 -o 

I 

■■1 

9 4 

6 

146-8 

I 

I 

9 25 

6 

148-0 

I 

I 

9 47 

6 

X48-6 

I 

I 

10 8 

6 

^49-5 

I 

X 

xo 30 

6 

150-3 

X 

I 

10 50 

6 

151-1 

I 

I 

0 40 r.M. 

6 

151-3 

I 

I 

X XI 

6 

150-3 

I 

I 

I 44 

6 

148-3 1 

I 

I 

2 4 

6 

I 48-(5 

I 

X 

2 29 

6 

148-5 

I 

I 

2 49 

6 

148-1 

I 

I 

3 20 

6 

148-3 

I 

I 

3 4(5 

6 

149-9 

I 

I 

4 II 

6 

L 50-5 

I 

I 

4 33 

6 

152-0 

I 

1 

5 3 

6 

1539 

I 

I 

5 32 

6 

155-8 

I 

X 

7 43 a.m. 

3 

157-6 

4 

6 

8 x8 

3 

159-6 

5 

7 

9 I 

3 

i6x "9 

4 

6 

9 26 

3 

164- r 

5 

7 

10 9 

3 

167-9 

4 

6 

10 51 

3 

171-6 

5 

7 

II 34 

3 

I 7+-3 

4 

6 

0 6 P.U. 

3 

177-5 

5 

7 

I 28 

3 

178-8 

4 

6 

3 33 

2 

179-1 

5 

8 

II 30 A,M. 

1 

179-2 

3 

9 


TT • 1.^ i? . "KT ^ ^ -U-UXAUa*! Hb liXH 

Height of set No. 62^3 above dot at East^End = 1*6 feet. 


653 ^. 


Micros : 



DEHEA BOON BASE-LINE. 


DETAILS OP THE 21^) MEA8UEEMENT. 


Disposition of the bars and microscopes. 

Typical illustrations shewing the permutations and combinations of the bars and micro- 
scopes during the 2nd measurement. The instruments are here named in the succession that 
actually occurred, commencing from the rear-end of a set; and the numbers assigned to the 
illustrations, will be found employed in the tables of “Extracts from the Field Book &c.” as a 
means of reference. 


Bar Illustration. 


No. 1 No. 2 


No .3 

1)1 
E y 
H 


Statement. 


Microscope Illustration. 

No.l No. 2 No .3 No, 4 . No. 5 No. 6 No. 7 

iui iXJi iin lui m P 1 iM:i 

0 ol nI o 0 0 1 nI 

p pfMrp p pfTf 

iTj isj my |mJ pj 

N N N 

E V T 

isj isj isj 

Statement. 


No. 1 occurs in set No. 1, in sets Nos, ^ to 340, No. 1 occurs in set No. 1 only. 


No. 2 
No .3 


in sets Nos. 342 and 34 - 3 , and 
in sots Nob. 344 to 622 . 

I Nob. 3 i, 4 ^, and 3411 . 

I Nos. Zj, 32> 43* 34^3- 


No. 2 
No. 3 
No. 4 
No. 5 

No. 6 
No. 7 


sets Nos. 3^, and 45^. 

Nos. 2jj, 33, and 43. 

Nos. 5"to r 15. 

Nos. 116 to 340, in sets Nos, 342 and 343, and in 
sets Nos. 344 to 622. 
set No, 3411, 

No. 3413, 


Extracts from the Field Booh of the remeasurment, and calculated heights of sets 

above the origin. 

Adopted heights above mean sea level. 

East End (origin) = 19577 
West End (terminus) = 1770' i feet. 


Wlion com- % 
pared ^ 

1 

0 

0 

1 

<x» 

3 

Mean time of § 

Heiglit of set above 
origin. 

.. 1 — 

iNninoral 
sliewing 
amnge- 
ment of 

Wlien com- 
pared “ 

i 

■g 

c> 

Moan timo of 

§ 

1 

-P 

<D A 

*0 

1835 li 

ending, rO 

'S 

(§ 

fi 

ii* 

th 

4 

g 

—— cw 

1835 ^ 

1 

endixig, 

*0 

0 

43 0 

1 

w 


0 

h. 

m. 

Jvet. 




0 

h. 

m. 



19 tli EeTb. I 

62-3 

9 

32 a.m:. 6 

-h 2‘2 

X 

I 

20th Feb. 6 

48*4 

1 

22 A.K. 

<5 

•— 21'9 

H 

66-3 

10 

l' 2 r 3 

O'd, 

' a 

2 

7 

5 r° 

8 

33 

<5 

237 


69-9 

II 

4 3 

— S'O 

1 5 

3 

8 

59’9 

9 

I 

6 

3 J )’4 

Si 

72-5 

II 

39 3 

5-8 

a 

■ 2 

9 

6 i ‘2 

9 

26 

6 

20’8 

33 

76-8 

2 

3x P.M:. 3 

107 

3 

,3 

ro 


10 

I 

6 

27*4 

4i 

76-g 

3 

12 3 

13-8 

% 

2 

II 

6 B-6 

10 

S6 

6 

29'2 

4a 

71 ’0 

3 

50 3 

1 6 '4 

3 1 

3 

12 

71-9 

II 

13 

6 

297 

S 

66*4 

4 

32 <5 

x8-8 

X 

4 

13 

76 's 

I 

19 P.M. 

6 

39'3 


NnniGral 
eliewing 
amngo- 
mont of 



Note,— The rear-end of set No. 1 stood exactly over the dot at East-End. 







DlHRl BOON BASE-Lm 


Extracts from the Field (Continued.) 


WJie:^ com- 
pared 


g Mean tjiae of 

I e»ding. 

I 


20tb Feb, 

15 72-5 


16 “]% *4 

17 6p'5 

18 b(r^ 
Ip ( 5 j -3 


A, ?a. 

I 515 P.H. 

3 ,33 
5 10 

4 3 


20 

49-3 

7 

32 A.M. 

21 

53-9 

7 

5^ 

22 

574 

8 

25 

23 

6 o '7 

8 

51 

24 

63-6 

9 

25 

25 

67'o 

9 

54 

26 

69-3 

10 

26 

27 

73-1 

10 

55 

28 

778 

I 

7 P.M. 

29 

79’5 

I 

32 

30 

83'2 

2 

3 

31 

8 o '9 

3 

27 

32 

78-9 

3 

55 

33 

78-6 

3 

21 

34 

72'8 

3 

47 

35 

7o'i 

4 

II 

3<S 

^5'5 

4 

40 

37 

58-6 

5 

12 

38 

587 

7 

25 A.M. 

39 

617 

7 

57 

40 

<55‘5 

8 

30 

41 

67’! 

8 

55 

42 

677 

9 

25 

43 

68'6 

9 

55 

44 

7o’5 

10 

24 

45 

7fo 

TO 

52 

46 

74-0 

I 

0 P.M. 

47 

75 '8 

I 

29 

48 

74,3 

2 

12 

49 

73 '9 

3 

35 

5<? 

7i'o 

3 

6 

5* 

69-9 

3 

32 

52 

63-2 

5 

15 

53 

54T 

7 

39 A.M. 

54 

58 'o 

8 

10 

55 

617 

8 

44 

•5<5 

<53 '3 

9 

6 

57 

66*9 

P 

35 

58 

7ro 

10 

16 


JSluineral ■ 

shewing 

arrange- oq 

ment of 5 o 


H o 

£0 J 3 


/«ei. 

- 28-8 

3 P '0 

ayo 

2&y 

26- 4 , 

27- 3 

28- 4 

29 - 2 
ap’S 
30’9 

32- 0 
34‘x 
35'4 

33 - 9 
3a'9 
334 
33 ’5 
34'.3 
35 ’o 
35*8 

36- 6 

37 - 5 

38‘3 

39'o 

38 - 0 
3 8 ‘I 
39'9 
S 9'9 
39’9. 
.37'9 
3^‘9 
37 ‘o 
3 7'2 
37'9 
38‘7 
39 'S 
39'9 
41*3 

43 '<5 
47*0 

48*7 

5«'4 

^o'o 

49'4 

47’4 


. g 

o S 

i 2 i & 


Mean time of 
ending. 


24th Feb, 


h. m 


5p 74'0 X 0 42 A.M. 
60 73'9 II 10 
rtr T-O-A I lOP.M. 


3 5 

3 3«S 


4 <5 

4 37 


61 794 J 

62 777 ^ 44 

63 y 8'8 2 14 

64 78-9 2 43 

65 78'5 3 j 

66 79’o 3 3( 

67 77\3 4 C 

68 748 4 37 

69 ^9’S 4 59 

70 66‘8 J 3^1 

71 5<5’o 7 22 

72 577 7 47 

73 60 -0 8 16 

74 63-6 8 38 

75 55-9 P 8 

7<5 67-0 9 33 

77 70-1 10 0 

78 70-3 10 18 


4 59 

5 34 


7 22 A.M. 

7 47 

8 16 

8 38 

9 8 

P 33 
o o 


7p 73-1 lo 41 
80 76*3 o 44 p.K. 


81 7*^’9 

82 78'o 


83 754 

84 75‘<5 


I 15 

1 39 

5 

2 26 
2 50 


85 7 ^'S ^ 50 

86 72-3 3 6 

87 7i’5 3 28 

88 6 p'p 5 P 30 

8p 67-0 4 10 

90 65'8 4 38 

» 91 437 7 33 

92 49-0 8 5 

93 5i’3 8 33 

94 539 8 59 

95 5<5’3 9 36 

9*^ 58’3 9 48 

97 6o‘i 10 14 

98 61-3 10 39 

99 63*0 II 6 

100 dyd I 12 

10 X 68-8 I 40 

102 6p'o 2 <5 


4 10 

4 38 

7 33 a.m. 

? -5 

8 35 

5 59 

9 36 
9 48 


I 12 P.M. 
I 40 

^ 55 


feet. 

- 47 ‘5 
48‘6 

494' 
50 'J : 
50-9; 

517 

5 i'i 

52-5 

52 - 3 

51*6 

4p-8 

477 

4<5*5 

467 

46- 6 

47- 6 

47- 6 

477 

477 

47’5 

48’2 

48 - 3 
48-6 

48- 8 

489 

49- 6 

504 

51*0 

5*-5 

5^4 

53 - 5 

54‘3 

55 

56‘2 

57‘3 

5'5'3 

55'8 

554 

55'^ 

55*3 

57*0 

554 

54 - 1 
53*3 


Height of set Ho. 102 above Pitt No. 5 = 2-7 feefc, ^ 


Numeral 
shewing 
arrange- 
ment of 


Pin No. 5 , 






o 


27th 


28th 


55‘o 

44-0 

50-a 

54'i 

57'o 

59'° 
62' < 

65-2 

6 g'Q 

)6 'q 

74-0 

70-9 

68-3 

<5i-9 

48 '0 

54‘o 

57- 5 

60*7 

63‘3 

6'&8 

697 

72‘0 

74-0 

80-4 

787 

78- 4 
77-0 
7i'o 
< 59’9 
6y'o 
62 '0 
45 ’2 

49*1 

53'7 

58 - O' 
61 ‘9 
<54-8 
<58-8 
71 ’o 
73*0 

78*9 

79- 8 
80*2 


DETAILS OF THE 2n-d MEASUREMENT, 
/rm the Field ^^^^--(Ooiitmued.) 


IL 


“35 


iWlien com- 
pared ““ 

I 

"S 

1835 o 


26 th Feb. 103 70*5 

104 59'i 

105 63-6 
io 5 6o'o 

107 

108 
J09 

110 

111 
iia 

1 13 

1 14 

1 15 

116 

117 

118 

119 

120 
lai 

123 

133 

124 
J25 

126 

127 

128 

129 

130 

131 

.132 

133 

134 

135 

136 

2 nd Mar. ^38 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 


h. m. 

3 31 P-M. 

57 

38 

9 
38 

38 A.M. 

3 


3 

4 

5 
5 

7 

8 


8 35 

9 7 
9 43 

10 9 
10 34 

n s 


3 

4 

4 

5 
5 

7 

8 

8 30 

8 59 

9 H 
9 53 

10 16 

10 44 

11 5 


33 T’-M. 
20 

41 

6 


31 

30 a.m:. 
4 


51 P.M. 
34 . 


3 

3 

4 

4 

5 

5 


10 


V 

O 


Mean time of | 
ending. 


55 

19 

43 

3? 

7 19 A,M. 

7 52 

8 36 

8 5» 

9 17 

9 4 ^ 
lo 14 

10 37 

11 I 

I 30P.M. 

1 55 

2 21 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 


<D 

& 

*3 


727 

72-6 

73*1 

73*7 

74*0 

75*5 

737 

72-1 

70-4 

69-3 

69-8 

69- 9 

70- i 
69-8 

69- 4 

70- 2 

70- 9 

71- 3 

7i’4 

yi'o 

7^'3 

73*0 


Numeral 
sliewing 
arrange- 
ment) of 


m 


i 


§ 

t- 

7 ^ 

4 

4 ^ 

4 

0 I 

4 

4 I 

4 

9 I 

4 

0 I 

4 

I 

4 

I 

4 

I 

4 

I I 

4 

i I 

4 

0 I 

4 

I 

4 

1 

5 

) I 

5 

X 

5 

I 

5 

I 

5 

I 

5 

I 

5 

I 

5 

I 

5 

I 

5 

I 

5 

r 

5 

I 

5 

r 

5 

r 

5 ^ 

r 

5 

I 

5 

X 

5 

I 

5 

I 

5 

I 

5 

t 

5 

I 

5 

I 

5 

I 

5 

I 

5 

I 

5 

I 

5 

X 

5 

I 

5 

1 

5 S 

X 

5 

X 

5 

T 

5 


[WTion com- 

02 






pared 


1835 


Mean time of 
ending. 


2nd Mar, ijo 79^6 

451 78*3 

1^2 75-0 
153 7o‘o 
Ii4 6rs 
155 ^ 5'7 

ij6 62'a 

« ■■ '-57 57*0 

3 rd „ 158 41-8 

159 46‘'i 

i<5o j3-5 
161 57-3 
10a 61*5 

153 65-4 

154 67-9 


4th 


3 
3 

3 

4 

4 

5 
5 
7 

7 38 

8 26 

8 57 

9 34 
9 50 

10 12 


m. 

45 P.K. 
12 

3<J 

59 

20 

43 

5 

29 

1 1 A.iir. 


717 

10 37 

5 

73*3 

II a 

5 

78-5 

I ,52 P.M. 

5 

8t'o 

2 25 

6 

8i'i 

2 47 

6 

8o'o 

3 9 

6 

791 

3 35 

6 

72-8 

3 57 

6 

69-9 

4 23 

6 

68-0 

4 45 

6 

65-1 

5 7 

6 

60-5 

5 30 

6 

45- 1 

730 A.M. 

6 

510 

7 58 

6 

55*3 

8 28 

6 

6ot 

8 59 

6 

65-0 

9 34 

6 

69-9 

10 3 

6 

73'a 

10 37 

6 

75'o 

II 3 

6 

8i-5 

2 15 P.M. 

6 

82-1 

2 44 

6 

80-5 

3 15 

6 

75'5 

3 4<5 

6 

74-0 

4 29 

6 

70-2 

4 53 

6 

66-6 

5 18 

6 

6o'3 

5 5a 

6 

4.2-6 

7 22 A-M, 

6 

487 

7 54 

6 

55‘o 

830 

6 

59'o 

8 5<5 

6 


£ 

I 




6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 


79-9 

79-8 

79-7 

78-9 

7&4 

74*4 

73*8 

73*3 

73'i 

73‘9 

7S3 

74'5 

73-5 

72‘9 

72'5 

72-5 

72-8 

73'° 

73'5 


Numeral 
sliewing 
arrange- 
ment of 

— ■■ 

i 

§ 





2 I 

5 

I I 

5 

I I 

8 I 

5 

5 

5 I 

5 

X X 

5 

1 I 

5 

? I 

5 

I 

5 

r I 

5 

i I 

5 

1 

5 

J 1 

5 

} 1 

5 

jt 

5 

J X 

5 

^ I 

5 

I 

5 

} I 

5 

) I 

5 

I 

5 

I 

5 

X 

5 

X 

5 

X 

5 

X 

5 

I 

5 

I 


I 

5 

X 

5 

X 

5 

X 

5 

X 

5 

X 

5 

I 1 

5 

I 

5 

X 

5 ! 

X 

5 

X 

5 ' 

X 

5 

I 

•5 i 

I 

5 

I 

5 

X 

5 

I 

5 

X 

5 

I 

5 



II 


DEHRA. BOON BASE-LINE. 


Extracts from the Field (Continued.) 


1^11611 com- jg 


§ Mean time of | .9 

I ending. rS 


Nnnaeral 
sliewing 
arrange- 
ment of 


When com- 
pared 


5 thMar*ip 7 < 54*8 

198 69*6 

199 72*1 

300 74 *i 5 

301 8 o '6 

302 79 *(5 

303 79*4 

204 8ri 

205 8o"i 

206 80*0 

207 78*5 

208 76-0 

209 71-^1 

210 70*5 
2 H 6 s '2 

6 tli ,, a 12 4 ( 5 ‘o 

213 50-3 

214 54'7 

215 58-0 


7 j. m. 

9 35 a.m. 
10 2 
10 38 
10 58 
I 30 P.H* 

^ 54 
3 19 
3 41 
3 p 



CtliMar. 3 i6 61 7 

317 64*4 

318 67*0 


Mean time of g 
ending. .o 


7 a. m. 

8 54 A.M. 

9 20 

9 42 
10 o 
10 25 

10 43 

11 8 

I 14 P-M. 

I 36 


ISTumeral 
shewing 
arrange- 
ment of 


ixi 

JfH P 

Cf 3 g 

« I 



N-o fell in excess, [Le. wst) of the dot by Ist meastircment on Pin 

No. 4 or Station B, 0-0493 feet, as measured on Cary's brass scale with a pair of compasses. 

Height of set No. 233 above Station B = i-8 feet. 


7th Mar, 234 78's 
235 78-5 
23'5 78-0 

237 78-5 

238 78-5 

239 7<5‘4 

240 yd'o 

241 73-5 

242 76-0 

243 72-8 

244 59-0 
9 th „ 245 ^3-8 

245 J4-5 

M 7 557 

248 59-5 

249 52-3 

330 63*3 

4i 4 s 

25a <55-1 
353 < 55-0 
' »54 67-3 

*55 68-3 


O ^9P.M. 


5 20 
7 20 A.M. 

7 44 

8 6 
8 30 

8 54 

9 

9 35 
9 53 
10 17 

10 40 


— 90-8 
92-2 

94‘5 

96-8 

987 

99-5 

100-3 

IOO '3 
I 00‘3 
1 00 *9 
lorp 
103-3 
104*3 

106- o 

107- 9 
109-4 

II I-O 

113- 9 

1 14- 3 

ii 5*3 

117-2 



9 th Mar. 256 


r. 256 75-2 

*57 7d’9 
238 78-0 

259 77 *^ 

260 78-5 

261 787 

262 77-9 

263 74-8 

264 72*2 

265 57‘i 

266 54-0 

267 5i-o 

268 58-5 

269 49-3 

270 53-3 

271 55-7 

272 59-0 

273 6i-o 

274 ^ 3 'o 

275 < 54'3 
275 66~6 
277 59-2 


I 7 P.M, 
I 29 

1 51 

2 II 
2 32 

2 53 

3 13 
3 35 

3 57 

4 *3 
4 49 
<1 10 


8 23 

8 47 

9 S 
9 25 
9 48 

10 II 


122-9 

124- 2 

125- 2 I 

126- 1 

125-5 

127- 2 
127-9 
129-0 

129- 7 

130- 1 

132- 9 
131 '3 
131*8 

I32’9 

133- 5 
134*3 
135*1 

137-0 



DETAILS or THE 3nd MEASDEEMENT. 



JExiracfs from the Meld Boole — (Continued.) 


"Wien com 

4.3 

• O 

Cm 



ns 

0 

to 

i 

Fumeral 

shewing 

When com- 0 

1 



<D 

0 

Numeral 

shewing 

pared 

m 

o 

■B 

0 

0 

1 

Mean time of 

to 

rCt 

4.2 

0 • 

50 .g . 

^ tJQ 

arrange- 
ment of 

pared 

03 

0 

0 

Mean time of 

i 


arrange- 
ment of 

1835 


2 

0 

01 

■s 

EH 

ending. 


4a 0 
rd 
bO 

•fM 

w 

m 

S 

Micros ; 

183 S 


2 

0 


encling. 

rO 

'S-s’ 

. 5 P 

‘0 

w 

ed 

10 

0 

■ s 

loth Mar 

278 

0 

h. 

m. 


feet. 





0 

A 

m. 


feet. 



yro 

10 

36 a.m:. 

6 

~ 237 '4 

I 

6 

I.2thiMar,32^ 

65-1 

8 

17 A.W. 

6- 

- 162-9 

r 

< 


279 

73 '0 

II 

7 

6 

136-6 

I 

3 


326 

67-0 

8 

38 

6 

164-0 

I 

J 

1; 


280 

7 7 -5 

I 

9 P.M. 

6 

i 3^'9 


6 


337 

68-6 

8 

68 

6 

164-7 

X 

J 

<; 


281 

8o-8 

I 

30 

6 

137-2 

I 

6 


328 

71-5 

9 

21 

6 

164-7 

X 

%) 

< 


a8a 

797 

I 

50 

6 

137-2 

1 

6 


339 

74-9 

9 

44 

6 

164-7 

I 

\j 

< 


283 

8o'o 

2 

16 

6 

13 7 '9 

I 

6 


330 

76-1 

TO 

0 

6 

164-9 

I 

•J 

4 


284 

8i-o 

2 

43 

6 

I40’2 

T 

6 


331 

76-1 

10 

19 

6 

165-3 

I 

f } 


285 

Si’o 

3 

3 

6 

I 40’9 

I 

6 


333 

78-3 

10 

38 

6 

165-3 

I 

tj 

< 


286 

8o'8 

3 

33 

6 

I4r2 

I 

6 


333 

78-3 

lo 

69 

6 

165-4 

I 

•J 

5 


287 

79'3 

3 

44 

6 

141*2 

I 

6 


334 

81-7 

0 

66 

6 

16(5-4 

1 

< 


288 

73’3 

4 

3 

6 

i4r6 

I 

6 


335 

82-1 

I 

16 

6 

167-1 

I 



289 

7a'o 

4 

33 

6 

143-6 

I 

6 


336 

83-6 

I 

39 

6 

166-5 

I 

•J 

5 


290 

69' I 

4 

47 

6 

142-3 

I 

6 


337 

81-8 

2 

0 

6 

167-2 

I 

5 


291 

( 57 ‘o 

5 

8 

6 

141-9 

1 

6 


338 

80-9 

2 

21 

6 

167-7 

j 1 

5 

11th „ 

apa 

^ 3-3 

5 

30 

6 

143-3 

1 

6 


339 

80-3 

2 

41 

6 

167-7 

^ ■ 

5 

293 

50-3 

6 

44 A.M, 

6 

142-3 

I 

6 


340 

80-9 

3 

7 

6 

167-5 

■ ^ 

5 


294 

32-6 

7 

6 

6 

143*1 

I 

6 


3411 

80.-4 

3 

36 

3 

167-4 

% 

6 


295 

54'8 

7 

31 

6 

I 46'3 

I 

6 


343 

79-0 

3 

66 

5 

i68-i 

I 

5 


296 

57 'o 

7 

3 ^ 

6 

146-6 

I 

6 


343 

77-6 

4 

19 

6 

i68'3 

I 

5 


297 

59’9 

8 

II 

6 

147-1 

1 

6 


34 ij 

71-2 

4 

48 

3 

167-9 


7 


298 

6 i '(5 

8 

33 

6 

I 47'6 

I 

6 


344 

68-7 

6 

7 

6 

167-3 

I 

5 


299 

63 'I 

8 


6 

148-1 

I 

6 


345 

67-7 

5 

29 

5 

167-5 

I 

5 


300 

(54-8 

9 

13 

6 

148-8 

I 

6 

13 th „ 

346 

58-0 

8 

9 A.M. 

6 

1 68 *4 

I 

5 


301 

6&6 

9 

30 

6 

149-9 

I 

5 


347 

69 'o 

8 

31 

5 

168-6 

I 

5 


30a 

( 58 'o 

9 

48 

6 

1 51-0 

I 

5 


348 

6o-2 

8 

66 

6 

i68’2 

1 

5 


303 

7i‘o 

lo 

9 

6 

131-8 

I 

5 


349 

61-4 

9 

16 

6 

167-4 

I 

5 


304 

73 'o 

lo 

30 

6 

132-2 

I 

5 


360 

61-3 

9 

40 

6 

167-7 

I 

5 


305 

75-9 

lo 

49 

6 

163-6 

I 

6 


361 

62-1 

10 

2 

6 

169-1 

I 

5 


30(5 

7 ( 5-6 

II 

10 

6 

164*7 

I 

6 


352 

64-4 

lO 

22 

S 

169-8 

X 

5 


307 

80-9 

I 

9 P.M. 

6 

166-9 

I 

6 


363 

64-8 

lo 

46 

6 

170-3 

1 

5 


308 

8i-2 

I 

27 

6 

136-7 

I 

5 


354 

64-6 

ll 

12 

S 

169-4 

■I 

5 


309 

83*1 

I 

48 

6 

167-6 

I 

6 


355 

66-7 

I 

40 P.M. 

6 

169-0 

I 

6 


310 

311 

83 8 
82-2 

a 

2 

10 

67 

6 

6 

139- 1 
139-8 

X 

I 

5 

6 


356 

367 

67-6 

67-8 

2 

2 

6 

30 

5 

5 

i68'i 

167-1 

I 

I 

5 

5 


312 

8r-o 

3 

18 

6 

i 69 -a 

I 

6 


358 

67-9 

2 

66 

5 

167-0 

1 

5 


313 

80-3 

3 

37 

6 

i 69'7 

I 

6 


369 

67-3 

3 

16 

6 

167-3 

I 

5 


314 

8o-o 

3 

6<5 

6 

161-3 

I 

5 


360 

68-3 

3 

34 

5 

i68’o 

I 

5 


315 

78-0 

4 


6 

162-0 

I 

5 


361 

66-4 

3 

63 

6 

169*2 

I 

5 


31(5 

75-8 

4 

33 

6 

162-8 

I 

6 


3<5a 

66-3 

4 

16 

6 

170-2 

I 

5 


3^7 

73 '9 

4 

48 

6 

162-7 

I 

5 

■ 

! 

363 

63*6 

4 

40 

6 

171-3 

1 

5 


318 

71-7 

5 

II 

6 

162-9 

I 

5 

14th „ 

364 

45-4 

6 

56 A.M. 

6 

171*3 

1 

5 

12th 

319 

<58-7 

5 

a8 

6 

163-8 

X 

5 


365 

46-7 

7 

21 

6 

171-2 

I 

5 

320 

53-0 

6 

30 A-M. 

6 

164-7 

J 

6 


366 

49-8 

7 

46 

6 

172*4 

I 

5 


321 

SS-o 

6 

64 

6 

164-7 

I 

6 


3<67 

60 

8 

II 

6 

172*4 

I 

5 


322 

3/7 

7 

23 

6 

164-0 

I 

5 


368 

64-1 

8 

39 

6 

171*4 

I 

5 


323 

00-4 

7 

33 

6 

164-1 

I 

5 


369 

56-2 

9 

6 

6 

170-8 

I 

5 


324 

<53-5 

7 

6<5 

6 

163-3 

I 

6 


370 

67-9 

9 

26 

6 

170-7 

I 

5 



DEHEA BOON BASE*LIKE. 



MxtrdcU from ilie MeU (Continued,) 


"r-rr, ■ ^ 

Wiien com- '§ ^ 

pared ^ 

5 i 

~ tM -g 

° 13 

1835 ^ 1 

Mean time of 
e.nding. 

re 

CD 

s 

§ 

"o 

ll 

Height of Set ahoTD 
origm. 

IS'uineral 
shewing 
arrange- 
ment of 

When com- ■§ 
pared ^ ® 

5 1 

® 1 

1835 tg 1 

8 

r (3 

0 

§ 

Mean time of | 
ending. 

Height of Set above 
origin. 

Numeral 
shewing 
arrange- 
ment of 

1 

Micros : 

i 

w 

at 

% 

O 

h. m. 


feet. 



0 

h. m. 

feet. 



lithMar. 371 59*3 

9 46 A.U. 

6~ 

170-0 

X 

5 

17 thMar. 388 64-0 

g 36 A.M. (5 — 

164-2 

I 

5 

372 60-3 

10 7 

6 

170-2 

I 

5 

389 65-8 

9 56 6 

164-2 

I 

5 

373 ( 5 i-i 

10 3X 

6 

i7o'o 

I 

5 

390 68*2 

10 20 6 

164-5 

I 

5 

374 < 52 'O 

JO 53 

6 


I 

5 

391 69-7 

10 39 6 

165-0 

X 

5 

575 ^ 3'9 

II 20 

6 

168-1 

I 

5 

392 72-4 

II 6 6 

165-5 

I 

5 

3/5 73 'o 

4 14 P.M. 

6 

1 58 -4 

I 

5 

393 8 o-i 

I 50 P.M. 6 

167-4 

I 

5 

377 7 a '4 

4 35 

6 

16*9*0 

I 

5 

394 78-8 

216 6 

168-8 

I 

5 

578 72-1 

4 59 

6 

157-7 

I 

5 

395 i.80-0 

2 44 6 

167-7 

I 

5 

379 64*0 

5 23 

6 

1 66* I 

I 

5 

396 77-7 

3 a5 6 

165-3 

I 

5 

380 59'8 

5 45 

6 

155-0 

I 

5 

397 '* 75 ’o 

3 54 <5 

162-2 

I 

5 

^ 381 55*3 

6 4 

6 

164-1 

I 

5 

398 73-6 

4 22 6 

160-3 

I 

5 

17 tli „ 382 47*2 

7 22 A.M. 

6 

163-9 

I 

5 

399 7^-9 

4 52 6 

159-2 

I 

5 

383 50*3 

7 44 

6 

164-2 

I 

5 

4 jOO 7 o‘6 

5 10 6 

158-2 

I 

5 

384 54’3 

8 7 

6 

164-4 

I 

5 

401 68-3 

5 33 6 

157-2 

I 

5 

385 57‘3 

8 30 

6 

154-5 

I 

5 

462 65-5 

5 53 <5 

156-1: 

1 

5 

386 59-8 

8 5* 

6 

164-5 

I 

5 

18 th „ 403 57-0 

7 49 a.m. 6 

155-1 

I 

5 

387 62-2 

9 14 

6 

164-2 

I 

5 






The advanced-end of set Wo. 403 fell in excess 

(he. west) of the dot by 1st measnrement on 

Pin 

Wo. 3 «#te'0'0939 measured on Caryls brass scale with a pair of compasses. 




Height of set No. 403 above Pin Wo. 3 = 

= 3-4 feet. 





ISthMar, 404 57'8 

8 20 A.H. 

6- 

J 55 -J 

1 

5 

19 thMar. 428 57-0 

8 35 A.M. 6 - 

159-9 

I 

5 

40.5 59‘3 

8 47 

6 

J 55 -J 

X 

5 

429 58-3 

9 3 6 

i6i‘2 

I 

5 

406 <5o‘3 

9 7 

6 

■f 55'8 

I 

5 

430 61-5 

9 25 6 

161-5 

I 

5 

407 60 '3 

9 28 

6 

J 56‘5 

I 

5 

431 64-0 

9 49 ^ 

161-5 

I 

5 

408 59 -B 

9 49 

6 

156-4 

I 

5 

432 66-1 

10 10 6 

160-9 

I 

5 

409 59-6 

lO II 

6 

J 55‘9 

I 

5 

433 68-6 

10 32 6 

160-8 

I 

5 

410 6o'o 

10 36 

6 

J 557 

I 

5 

434 < 58-7 

10 58 6 

160-5 

I 

5 

41 1 6o\5 

10 52 

6 

J 55 'o 

I 

5 

435 73-0 

1 27 P.M. 6 

159-4 

I 

5 

412 6ri 

II I r 

6 

J 55’4 

I 

5 

436 73-5 

1 52 6 

158-8 

I 

5 

413 ( 56'2 

I 14 P.M- 

6 

J 55'4 

I 

5 

437 75‘<5 

2 14 6 

158-9 

I 

5 

414 6^6 

1 34 

6 

J 55'4 

I 

5 

438 75‘5 

2 32 6 

158-3 

I 

5 

415 68-3 

j 57 

6 

J 55‘9 

I 

5 

439 7^-0 

3 55 <5 

157-5 

I 

5 

416 <59 9 

2 16 

6 

157-2 

I 

5 

440 747 

3 13 6 

158-0 

I 

5 

417 71-1 

2 36 

6 

158-1 

I 

5 

. 441 72-0 

3 31 6 

158-4 

I 

< 

418 72'0 

2 58 

6 

158-8 

I 

5 

442 71-6 

416 

15,8-2 

I 

ft 

419 71'^ 

3 17 

6 

158-9 

I 

5 

443 

4 25 6 

15 . 8-1 

I 

0 

420 71-0 

3 35 

6 

158-8 

I 

5 

444 71-5 

4 46 6 

157-8 

I 

t; 

421 70-4 

3 59 

6 

158-4 

I 

5 

445 71-3 

5 12 6 

■ i 57 'o 

I 

u 

< 

42a 69’8 

4 J 7 

6 

158-6 

I 

5 

446 69-2 

5 33 <5 

157-3 

I 

c; 

4^3 597 

4 35 

6 

159-0 

I 

5 

447 <55 'o 

5 53 <5 

158-3 

I 


4 H 67-5 

4 57 

6 

158-8 

I 

5 

21st „ 448 64-3 

9 32 A.M, 6 

i 57'9 

. I 

j 

4^3 55-4 

5 j 5 

6 

158-6 

I 

5 

449 ^7-1 

9 58 6 

156-5 

I 


426 65-0 

5 35 

6 

158-9 

I 

5 

450 69-5 

10 21 6 

155-4 

I 

j 

L 9 m 5, 4^7 ;5<S’8 

8 10 A.M. 

6 

159-1 

I 

5 

45 J 7 I ’4 

10 40 6 

i 54 -<? 

I 

5 



DETMLS OF THE 2 ^t> MEASTJREMEITT. 
Hxir&cfs from the Fieli (Continued.) 


jWh en com- 'i 


* I 

ttJ o 

0) M 

CO c& 


Mean time of | 
exidiiig. ^ 


ISTumeral 
shewing 
arrange- 
ment of 


When com- -i 
pared ^ 


■CD 

ni S 

<i> 

W o:dt 


JTeali time of f 
ending. 


Numeral 


arrange - 
meat of 


h. m. 


It. m. 


21 st Mar. 45a 72-3 ii oa-m. ‘<5-153-5 i 5 21 afc Mar. 459 80V i as’r.M. 

A tf 0 *1 A T r nn X -r h « • a » a r r\ - v 


455 H '9 II 23 <5 153-4, I 5 

454 75’8 II 44 <5 i5r9: i 5 

455 1^1 0 3 P.M. € 151-9: I 

456 77-8 0 32 6 151-8 I 

457 7S7 0 40 6 151-4 ,i 

458 79-0 II 6 i5i'(5 I 


6 151-4 ,i 


460 83-0 1 44 

461 83-3 2 3 

4^2 85-7 2 35 

463 8 1-3 2 47 

464 8o-o 3 12 


6 — 153-0 ; j : : 5 
6 152-4, I 5 

6 152-3 I 5 

5 153-5, I 5 

6 152-3 I 5 

6 151-2 I 5 


458 79-0 II 6 i^i’^ l I 1 5 1 23 rd ,, 465 66'o lo oa.m. 6 151*3] 1 [ 5 

The advanced-end of set No. 465 fell in excess, (i e. vest) of tlie dot by 1st measurement on Eia 
No. 2 or Station A, 0-1131 feet, as measured on Cary’s brass scale with a pair of compasses* 

Height of Set No. 465 above Station A = 2*4 feet. 


28rd Mar. 466 70-2 

467 72-3 

468 74-2 

469 79-7 

470 80-5 

471 8o-o 

473 80-3 
475 8ro 

474 8i-o 

475 82-4 

476 82-0 

477 82-0 

478 80-5 

479 75-'8 

480 74-3 

481 71-8 
48a 69-3 
483 65-9 

24tli „ 484 49-7 

485 53-0 

486 54-5 

487 5'5‘o 

488 58® 

489 60-4 

490 < 53 -o 

491 65-7 
49a (58*3 

493 7 o '4 

494 73-4 

495 74-^ 

495 76-8 

497 80-8 

498 8i-i 

499 81 ‘4 


10 25 A.M. 

10 49 

11 10 

I 8 P.M. 

I a8 

1 49 

2 10 
3 32 
3 

3 14 

3 31 

3 54 

4 12 

4 34 

4 54 

5 14 
5 34 

5 57 

6 56 A.M. 

7 19 

7 41 

8 o 

8 23 

8 43 

9 I 
9 20 
9 40 

9 57 
10 20 

10 40 

11 3 

J 8 P.M. 

I 27 

I 5a 


-151-4 
153-0 
15 ^'3 
i 5 a '7 
153-8 

153-1 

153- 8 

154- 0 

154-4 

154- 6 

155- 5 

155-3 

155- 9 

156- 9 

155- 7 

156- 2 
i 55‘8 
i 55'8 

155-0 

154-5 

153-5 

153- 5 

154- 1 

154- 1 

i<4’6 

155- 2 
155-3 
154-5 

154- 6 

155- 0 
155-5 

157- 9 

158- 2 
158-8 


5 24 th Mar. 500 81-7 2 13 p.m. 

5 501 84-5 2 36 

5 503 86-4 3 57 

5 ' 503 85-8 3 21 

5 504 85-3 3 45 

5 505 84-0 4 5 

5 505 79-0 4 25 

5 507 76-4 4 46 

5 508 74-1 5 7 

5 509 71-3 5 26 

5 510 58-3 5 45 

5 511 64-4 6 8 

5 25 th „ 513 48-4 6 45 A.M. 

5 513 505 7 I® 

5 514 53-3 7 3 ® 

5 515 57-0 7 49 

5 516 59-0 8 II 

5 517 5o-7 8 30 

5 518 63-4 8 54 

5 519 56-3 9 15 

5 520 68-1 9 35 

5 5 ai 7®‘9 9 55 

5 5 ^^ 72’"!^ 10 14 

5 5^3 74-4 10 33 

5 524 75-7 10 54 

5 525- 78-3 ti 18 

5 5^6 81-4 I II P.M. 

5 5!»7 83-6 I 33 

5 528 83-6 I 56 

^ 529 85-7 2 13 

5 530 86-7 2 33 

5 - 531 87-5 2 53 

5 533 86-8 3 n 

5 533 86-7 3 30 


159-3 

159-4 

159-4 

159-1 

159- 3 

160- 0 

161- o 
161-0 

161-5 

163-4 

163- 8 

164- 5 

166- 0 

165- 6 

167- 0 

168- 9 

169- 6 

170- 3 

171- 3 
170-8 
170-5 , 
• 170-4 
i 69‘7 
170*3 
170-7 
170-3 

170- 3 
171*0 

171- 5 



II. 


40 


DEHRA BOON BASE-LINK 


Extracts from the Field Book — (Continueil.) 


r ien com- 
pared 


Mean time of | 
ending. ^ 


h m. 


Numeral 
shewing 
arrange- 
ment of 



When com* *§ 
pared “ 


© 

<D 

CQ © 

OQ © 


H Mean time of g oq.S 
i ending. "g.y 


Numeral 
shewing 
arrange- 
ment of 


^ O *'* JC 6 t. 

25th Mar. ^34 86*2 3 4® 6 — 171*7 

53j 85'^ 4 *5 6 i72'5 

53<5 84-p 4 25 <5 172-5 

I 557 84-0 4 42 6 172-2 

82-5 4 59 .5 171-5 

539 75-2 5 ^7 17^^'^ 

540 .7^*5 5 38 6 171-2 

ofi.. ^41 ^9-3 5 58 <5 171-2 

36th „ 542 45-3 5 48 A.M. 6 172-0 

543 59‘o 7 II 6 172-6 

544 537 7 31 6 172-2 

545 5*^'3 7 50 <5 i7i'3 


36tliMar, 346 59-4 8 11 a.m. 

547 <5i'3 8 25 

548 64-0 8 53 

549 <5<5‘5 9 13 

550 7 o'o 9 38 

551 7^7 10 2 

55^ 74'i 10 18 

553 7 <^’o 10 35 

554 77‘5 10 53 

555 79‘2 II 12 

556 85-0 2 1 p.M. 


feet. 

■ 171 I 

171- 5 

172- 8 
170-3 
169-3 

168- 9 

169- 2 
168-7 
168-4 
167-5 
167-3 



The advanced-end of set No. 556 fell in exceq*! ii p +-u j .. r , 

No. 1 0 .X 89 feet, ae oo eel “““* 

Height of set No. 556 above Pin No. 1 = 5^*9 feet. 


on Pin 


26th Mar. 557 87-2 

558 88-0 

559 85-0 

560 85-4 

561 84-8 

562 84-7 

563 84-0 

564 83-7 

565 83-0 

566 75-7 

567 72-5 

568 69-0 

569 66-3 
j> 570 48-2 

571 5 o ‘9 

572 52-0 

573 537 

574 55‘3 

575 57 '0 
57d 59-5 

577 60-7 

578 ^3-3 

579 65’4 

580 67-8 

581 70-6 

582 73 ‘3 

583 75-0 

584 76-5 

585 78-2 


2 24 P.M. 

2 46 

3 5 


4 4 

4 23 

4 43 

5 o 
5 19 
5 35 


6 49 A.M. 

7 6 
7 23 
7 38 

7 55 

8 13 

8 30 

8 45 
p o 

9 14 
9 29 
9 42 
9 59 

10 13 
10 30 
10 43 


6 — 167-9 I 

d 1691 I 

d 170-1 I 

d 171-6 1 

d 172-9 1 

d 174-8 I 

d 175-2 I 

d 176-1 I 

d 175-8 I 

d 176-4 I 

^ 175-9 • I 

5 i 75’5 I 

o 176-2 I 

d 175-7 I 

d 175-8 I 

d 176-3 1 

d 176-7 1 

d 177-1 1 

6 177-5 I 

d 177-1 I 

d 177-6 1 

d 178-6 I 

d 179-2 I 

d 180-8 . I 

6 180-5 I 

d i8o-6 I 

d 180-2 1 

d 179-8 1 

d i79'5 I 


27th Mar. 586 79-0 

587 85-0 

588 86-3 

589 88-1 

590 88-9 

591 88-2 

592 89-0 

593 88-5 

594 88-0 
595 88-0 
59d 86-9 

597 84-8 

598 8 1 '6 

599 80-3 

600 78'8 

601 76*8 

602 75-2 

603 73-2 

604 72-5 
28th „ 605 7 o'6 

606 73-0 
do7 74-7 
i do8 76-1 
dp9' 77-0 
610 78-2 
6n 79-0 
612 80-9 
di3 81-3 
614 82-6 


II 0 A.M, 

0 50 P.M, 

1 9 
I 24 
I 42 

1 59 

2 15 

a 34 

2 52 

3 10 
3 28 

3 45 

4 5 


5 44 

d 2 

9 22 A.M. 
9 38 
9 52 
10 10 
10 27 
10 41 

10 56 

11 11 
II 2C 
II 40 


0 170*2 I 

5 179-3 I 

5 179-9 I 

5 180-5 I 

5 i8o-6 1 

5 180-0 I 

S 178-5 I 

) 178-4 I 

> 178-8 I 

> 179-6 I 

> 181-7 I 

; 180-8 I 

1 180-5 I 

: i 79 ’o I 

178-1 I 

178-1 I 

1777 I 

i77'i I 

177- 4 I 

178- 4 J 

179- 8 I 

179-4 I 

178-9 I 
178-2 I 

177-4 I 
177-3 I 

177- 8 , I 

178- 7 I 

i79‘3 I I 




5 it fti 

Mir.iSij 8 j' 2 II i 

(5i^ 8(4 0 II PI 6 ip I 

6i] 8j'j 0 2^ ^ ip I 

i5i8 8j'3 o|3 6 ip I 


2yC£ox*o 



S O 




DEHRA BASE-LINE, 
Beduction to Mean Sea Level. 


Let tlie sections into which this line is divided he denoted as follows : 

West-End to Pin No. 1 hy Section I 

Pin No. 1 to Pin No. 2 by „ II 

Pin No. 2 to Pin No. 3 by „ III 

Pin No. 3 to Pin No. 4 by „ IV 

Pin No. 4 to Pin No. 5 hy „ Y 

Pin No. 5 to East-End hy „ VI 

Then in the notation of ( 7 ) page I_,^^ we have 

For the ht memrement---{m feet.) 

E= 1770; /i= i87'6; S/z = io*o; Log jR = 7*32068; and« = 622. 





a 

n 

dh 

F 

\ 

0 , 


€ 


I 

+ 

— 


-j- 

+ 




mmmm 

Section 

92 

0 

66 

I*I 

1219 

4158 

‘0004 

•3317 

•3321 


II 

0 

1-1 

0 

91 

1*5 

1674 

5733 

'0050 

•4849 

•4899 


HI 

1482 

0 

62 

1*0 

1675 

3906 

•0030 

•3304 

■3354 


IV 

51% 

15 

ip 

2*7 

S991 

10710 

•0180 

•9059 

•9239 


V 

13262 

0 


2*1 

14226 

8^53 

•0428 

■6981 

■7409 

?> 

VI 

14827 

1026 

loa 

1*6 

14740 

6426 

* 0444 . 

■5435 

•5879 


i 



Dim BOON MS&IINE, 




E = 1958; I = - ilfi ]U=- f9; Log E = y'gJoSS ; aoJ fi = $22. 



rj”]? 

Hi 

a 

12 

i 

I \ 

^2 


a 

Section I 

iiygi 

4 " 

0 

66 

mm 

o'8 

12227 

■0368 

■jl)! 

mm 

' 35^3 

» 11 

14811 

0 

91 

ri 

13408 ^733 

‘0464 

■i)<4 

’4900 

„ III 

9705 

0 

62 

o'8 

I00j2 3906 

•0303 

¥5J 

■3332 

1? 

2^524 

168 

170 

2-2 

i(oj4 loiio 

'0784 

roo2i 

'9237 

« V 

loioS 

0 

i 3 ‘ 

i ’7 

10388 8253 

■0313 

■7722 

•7409 

» VI 

4177 

^5 

102 

>’3 

4219 6426 

'0127 

■6013 

■3886 



DRERA BOON BASE-LINE. 


Filial length of the Base-Line and of its Parts in feet of Standard A. 



3 / ensured wi 

th 

Compensated 
bars 
pages 11 

a2id 

Compensated 

microscopes 

pages 

a*id II 

24 

Beam 

compass 

pages 

11 to 

34 

II 

41 


Reduct ioa 
to sea leyel 
pages 

and II__ 


Bjj l/af measurm&ii, 


By Ls^ meamrement, 
„ %id „ 


By Is!? mecmrementy 
„ 2iyi „ 


By meomrement, 

I) j> 


By Isi meamrmentj 

» „ 


By Ls’iJ measurement, 

» 3n(^ „ 


5950-15^4 

•^534 


54(5o’2r4,i} 

•3114 


3 720' 1460 

•1441 


I0200'4003 

■3951 


786o'3o85 

■3045 


6120*2402 

'3370 


West-End to Pin No. 1. 


298*0152 

•0034 


0*0 

0*0207 


0*352 X 
0*3523 


Pin No. 1 to Pin No. 3 (or Station A.) 


0*0 — 0*4899 

0*0058 1 — 0*4900 


273*0115 


•0027 I ~ 0*0058 I — 0*4900 

Pin No. 2 (or Station A) to Pin No. 3. 


28<5 *oo 86 

•0004 


0*0 

0*0292 


- 0*3354 

- 0*3352 


Pin No. 3 to Pin No. 4 (or Station B.) 


510*0282 

■0009 


0*0 

0*0446 


0*9239 

0*9237 


Pin No. 4 (or Station B.) to Pin No. 5. 


393'0295 


0*0 

0*0068 


- 0*7409 

- 0*7409 


Pin No. 5 to East-End. 


306*0213 

*0288 


0*0 

■ 0*0425 


0*5879 

0*5886 


West-End to East-End. 


By 1 at meomrement, 3 73 21 *4647 1 866* 1 142 


„ 2 nd „ 


0*0 — 3*4301 

0*2296 — 3*4307 


Length hy 

each Mean length hy the 
two measure2nents 


4257*8285 

■7928 


5732')359 

*7283 


3905*8292 

*7901 


20709*5045 

*4277 


8252*5972 

•5628 


6425*6736 

*6247 


39284*2488 

39183*9254 


4’57‘8o57 


5732*7^71 


3905*8046 


10709*4662 


825^^*5795 


6425*6492 


39184*0321 


And from the foregoing, 

feet 

’West-End to Pin No. 2 (or Station. A) = 9890*5328, Log. 3*995 2 19688 

Pin No. 2 (or Station A) to Pin No. 4 (or Station B) = 14615*2707, Log. 4*164806863 

Pin No. 4 (or Station B) to East-End. ......... == 14678*2286, Log. 4*166673647 

West-End to East-End = 39184*0321, Log. 4*593109124 




DEHRA BASE-LINE. H 

—45 

Verijicatory Minor Trimgulation, 


0 tio 





Distance 

in 

0 rr*-. 

. rt 

0 «s 

Name of Station 

Corrected Angle 

log. Sine 

Log. [Distance 

■ 

[Feet 

Miles 

II 

1 

Wost-Bud of Base, 

Station A, 

Of // ’ 

yi II 4 i'^a 6 

71 .H 3 A 359 
37 ^3 43 ’i 49 

9 ' 97 < 5 i 75 M 
9'97 7 ’^50135 

97^1753455 

4-189642081 

4-190616368 

3-995219688 

9890-5328 

1.873 

11 

"- 2 ‘ 279 *I 



180 0 o’o,34 







Station a 

,, A, 

. /3 

78 II 26’844 
34 3 ^’6o< 
<>7 45 30-583 

9-990700265 

9-748131086 

9-966421760 

4-213929586 

3 ' 97 i 35 M 07 

4-189642081 


■ 

4- 1 -804 



180 0 o'034 






3 

Station A, 

1 » /3 

B, 

74 22. 21-452 
48 33 17-647 
57 420-955 

9-983641598 

9-874823932 

9-923947^93 

4-273623486 

4-164805820 

4-213929586 

14615*2356 

2-768 

-0-375 


1 

180 0 o'o54 




i 

I 


4 

Station ^ 

» B, 

» r 

36 28 14-570 

74 23 44‘453 
49 8 1-065 

9*930959539 

9-983690437 

9-878658232 

4 - 3 I 59 H 793 ■ 
4*3 7865569 1 
4-273623486 



- 1-408 



180 0 o-o88 






5 

station B, 

7? y 

East-End of Base, 

48 31 54-200 

45 3 i 5'<534 
86 24 50*220 

9-874668723 

9-849896485 

9-999148810 

4-191444706 

4-166672468 

4-315934793 

14678*1888 

2-780 

- 0-266 



180 0 0*054 


Sums 

39183-9572 

7-421 



[Note. — E acli side of a triangle is given in tlio same horizontal line with tho angle which it subtends. 


The angles of the verificatory triangulation were measured with a 3-foot Theodolite 
(either the one hy Troughton or that by Barrow) read by 5 micrometer-microscopes. At stations 
A, y and E. End, 2 measures were taken on each of 12 zeros. At the remaining 4 stations, 3 
measures were made on each of 12 zeros. The stations on the line are W. End, A, B, and 
E. End. — ^The auxiliary stations are a, ^ and y. 









BEHRA BOON BASE-LINE. 


IL 


-45 


Comparison in feet between the values computed by means of the verifieatory triangulation 

and the measured value. 


Of the entire line. 


West-End to East-End by the mean of the two measurements] log. 

page II f 39184*0321 4'593 1091 24 

J 

„ computed in terms of West-End to Station A ) 

pagell_^^ j’ 39 i 83 * 957 =^ 4*393108293 




Log. computed value — Log. measured value — o'ooo 0008 3 1 


In t(^rms of the entire line hy meamremcnt. 



Computed 

Computed 

Moasured”^ 

West-End to Station A 

9890-3517 

4-0-0189 

Station A to Station B 

14615-2636 

—0-0071 

Station B to East-End 

14678-2168 

— o’oiiS 



Of each section in terms of 

the others. 



Measured lengths* ... , 

W. End to 
Station A 

... 9890-5328 

Station A to 
Station B 

14615-2707 

Computed 

MCcasurod 

p «i 4 « • « 

Station B to 

E. End 

14678*2286 

Computed 

Measured 

Computed on base I 
West-End to Station A j 

••• •»** 

14615-2356 

“*0331 

14678*1888 

--0398 

Computed on base 1 
Station A to Station B j 

'* 

■•k 

« * • • » 9 

14678*2241 

— *0045 


Noie.— S ince Loge(a; -|- dx) = Log^ a: + + 


Ac. 


da? s=; |^Logio(aj + dir) —Logjo a? I nearly, by which, expression tlie required 

variations in tbe foregoing natural niunbers have been calculated, 
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Desciiption of Stations. 



WEST-END OE DEHRA DOON BASE, Lat. 30= 20', Long. IT 54', is situated 
in the district of Dehra Doon, about 2 miles to the B. of the small village of Sherpur, and 
about 1 mile S. from the Asan river. 

The following description of the station is taken from the original record by Colonel 
Everest : — 

“ A stone 5 feet in length and 1 foot spare base was sunk to the surface of the ground and lodged in a 
“ pile of masonry 14 feet square with a circular pillar of masonry in the middle of 4 feet diameter, the pillar beiu" built 
“ disjointed from the rest of the pile in order that the instrument might remain isolated. Into the exposed surface of 
“ the central stone a piece of brass was soldered on which was inserted a fine silver wire to receive the small dot which 
“ marked the limit of the base-line. This was covered over by a circular brass plate 2 inches diameter feed by 3 screws 
“ the female screws of x^hicli were cut in pieces of brass soldered jato the stone.. The upper surface of the brass plate 
was left even with that of the stone, a circular space being hollowed out to admit it, A parapet wall of 13 inches high 
“ was erected round the platform and ultimately when the base was concluded the whole was built up to a level With this 
“ parapet, a supplemental stone of 1 foot square and 3 inches thick with a piece of brass and dot soldered into it being 
“ accurately placed over the dot in the lower stone by means of the centering telescope of the large theodolite. For 
“ protection against cattle and other intrudcws a thick hedge of prickly pear was planted round the platform.’' 

The station was constructed in 1834-35, but when visited in 1867, was found with great difficulty ; the 
prickly pear hedge had disappeared, and there was nothing to distinguish the station from the ninnerous mounds which 
were scattered around. For its future better protection and to facilitate identification, a tower was built over the 
masonry platform above described, with sides parrallel or perpendicular to the line of the base, and an arched passage 
5 feet wide and 8 feet high, to allow of access to the mark-stones, should the base bo remeasured at any future time. 
The tower is about 10 feet square and 8 feet high ; it has an external masonry staircase leading to the surnmit, which is 
horizonta,! , to servo as a platform for future observations. A central pillar 4 feet in diameter rests on the vault, andL 
rises to the level of the platform, but is separated therefrom by an annulus ; it is perforated for reference to the marks 
below, the perforation being closed above by a mark-stone containing the usual circle, and a fine hole bored through the 
stone instead of the usual central dot ; the mark on this stone is tnily in the normal of those below, and is 10-33 feet 
above . Colonel Everest’s upper mark. 

As the mark on the top of the new tow'er will suffice for ordinary use, the entrances to the vault have 
been bricked up with masonry, for the bettor protection of the original marks. 

EAST-END OE DEHRA DOON BASE, Lat 30= 17', Long. 78= 1', is situated on 
tlie extremity of one oi the spurs of the Ghati or Siwalik range of hills, in the district of Dehra 
Doon. The nearest village is MohabawMa, about a mile to the South-East. The Asau river 
winds round the foot of the spur, and one branch of it takes its rise in a ravine about 100 yards 
to the westward of the station. 

This station is described by Colonel Everest as having been “marked in the same man- 
ner as the western limit, so that a description of one will answer for the other.” 

It was visited by Captain Braufill in January 1862, to be connected with the line of spirit levels which 
had been brought up from Karachi harbour, as a part of the operations of this department. As no record was forth- 
coming of the height of Colonel Everest’s upper mark above the mark on the stone pjyratnid, to which the base-line 
measurement was referred, it was necessary to remove the upper mark-stone ; then the level of the summit of the 
pyramid was determined as 1957-65 feet above the mean sea level of Karachi harbour; Colonel Everest’s upper mark 
was found to have been 17 inches, or 1-42 feet above the mark on the pyramid; the stone slab containing the said 
upper mark -was replaced in the normal of and at its original height above the mark on the pyramid. 

In 1867 a tower was built over the station similar to the one that was constructed in the same year over 
the west end of the base, the description of which may be referred to for further details. The mark in the stone on 
the summit of the tower is 8'71 feet above Colonel Everest’s upper mark, and consequently 1967'78 feet above tlie 
mean sea level of Karachi harbour, as determined by the spirit levelling operations. 
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4b 

Description of Stations — (Continued.) 

STATION A OR HELIOTROPE- WALA>* This station is 157 sets of bars from the 
West-End. It is marked by a stone 2 feet long sunk into the ground, on the upper surface of 
which is a piece of brass with a dot engraved on it ; a hedge of cactus was planted round it 
to prevent intrusion. 

STATION B OR BAR-WALA.* This station is at the distance of 389 sets of bars 
from the West-End, or 232 sets from station A, and as the whole base is 622 sets long, the 
distancee ofstation B from the East-End is 233 sets. It was marked and protected exactly in 
the same manner as station A. 

STATIONS a, yS, yf These stations are situated on the northern face of the Ghati or 
Siwalik range of hills, which affords spurs and eminences sutSciently favorable for stations. 
They are in the midst of Sal jungle, and have no village near them or any other token by 
which they can be described. Each is marked with a stone 2 feet long sunk into the ground 
into the upper surface of which a piece of brass with a dot engraved on it is soldered. 

J. B. N. HENNESSEY. 


* Seo page 266 Brerest’s Meridional Arc of India, 1847. 
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The middle point of the base-line is in Latitude K 24“ 7', Longitude E. 77“ 51' ; 
the Azimuth of North-East End at South-West End is 49“ 26' and the line is 7*28 Miles in length. 

The measurement was eiSfected under the directions of '^‘Major G. Everest RA., with 
the assistance of the following : 

Lieutenant A. S. Waugh R.E. 

„ T. Renny, RE. 

W. Jones, R.E. 

Mr. G. Logan. 

„ J. Peyton. 

„ W. N. James 
„ H. Keelan 
Baboo Radhanath Sickdhar. 

Mr. G. Terry. 

„ N. Parsick. 


* Aftewaide Oobnel, Sir Q. ETerest, O.B. 
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INTRODUCTION. 


Tliis base-line was selected and originally measured with, a steel chain in 1825 by 
Captain G. Everest. He subsequently remeasured it, in 1837-38, with the compensated appa- 
ratus, and the details hereafter given appertain to the latter operations. The terminal points 
were practically identical on the two occasions of measurement : they are situated in Malwa or 
Central India, generally to the east of Sironj, the South-West-End being some 5 miles distant 
and nearly due East from that town. 

The measurement was commenced at the South-West-End, bar-tongues pointing North- 
West, and was carried on conUmiously to the North-East-End, so that every succeeding set origi- 
nated at the terminus of its predecessor. 

The compensated bars were compared with the standard A- both before and after the 
measurement, at Rasuli, a village near the base-line and about 2 miles from the Soutb-West- 
Eud. Seventy-nine comparisons were made on the first occasion and sixty-one on the second, 
and this “ process was gone tbrongb in the usual manner, both before and after the measurement, 
under the same tents as those used during that operation.’'* It is not stated in the field records 
whether the bar-tongues during comparisons pointed in the same direction as during the mea- 
surement. 

Of the two comparing microscopes employed in the preceding bar comparisons, one was 
fitted with. a micrometer while the other had its wires (or lines) fixed. 

The compensated microscopes were compared with their scales on 11 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

In respect to time, the first set of bar comparisons was made on the 23rd November 1837, 
the last on the 22nd of the following January. 

The base-line was not verified by means of minor triangulation. 


* Page xxxiv Everost’a ICoridional Arc of India (181*7). 
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Oomparisons letmm the Standard Bar A and the Compensated Bars A, Bj C, D, E, H, made 

at JtasuU village^ before the measurement. 


< 

O 

tn 

-§ 

1837 . ® 

CD 

Noyr, 'J 

a 

'o 

a 

Ko* of comparison I 

Temperature of Air I 

Gorreeted mean temperature of A 


MiOEOKITBE EBiDISr®3 IW 

1 DiTisloa = Cary’s Inch [T.8],= 

Ditisions . 

1*3820 of A 


Bem ABES. 

Mean 

A 

A 

B 

C 

D 

E 

H 

Mean of the 

compensated 

bars 

k 


0 

0 

+ 


4. 

+ 

4- 

+ 

+ 

+ 


23 rd 6 A . N . 

I 


5<5 'i 7 

340-1 

545-4 

516-8 

531-3 

571-5 

514-9 

521-7 

533-6 

Lts. Waugh and 

1 31 

3 


5<5-97 

349'! 

535-5 

509-1 

521-9 

563-9 

514-2 

515*9 

526-8 

Kenny at the 

8 6 

3 


5875 

379'9 

534-1 

502-6 

525-9 

565-9 

516-4 

513-9 

526-5 

microscopes, 

8 41 

4 


61-47 

427-0 

533-9 

507-6 

520-9 

565-9 

514-1 

513-7 

526*0 


9 30 

5 


<55-30 

494-7 

526-9 

500*0 

531-1 

569-2 

521-9 

525-9 

529-2 


9 

6 


69-25 

560-0 

5369 

508-1 

536-9 

577-3 

526-8 

528-9 

535-8 


10 29 

7 


72'57 

613-1 

5389 

513-0 

538-9 

584-0 

532-5 

536-2 

540*6 


I 33 P.M. 

8 


80-22 

736*6 

552-9 

531-2 

546-9 

598-1 

537-8 

536-0 

55<=-5 


I i 3 

9 


81*07 

740-1 

553 -x 

528-1 

551-3 

592-4 

538-9 

535*7 

549-9 


2 26 

10 


81-67 

73 < 5-9 

542-6 

526-0 

55 i '2 

586-9 

532-9 

528-0 

544-6 


2 57 

n 


81-92 

745-7 

549-9 

524-2 

554-4 

592-6 

53 I-I 

530-1 

547*1 


3 33 

13 


82-02 

740-5 

548-4 

529-9 

550-9 

590-0 

529-1 

529-2 

546*3 


4 4 

13 


81-82 

738-4 

554-9 

531-2 

555-4 

594-9 

539 ‘o 

533-2 

551*4 


24 til 6 42 A.M, 

14 


53-75 

326-6 

572-9 

545-0 

561-9 

602 "9 

545'4 

553-1 

563*5 

Cirro-strati in 

7 II 

15 


53-92 

329-7 

571-6 

543-8 

558^ 

603-9 

545 ‘o 

550-1 

562*0 

horizon. 

7 39 

16 


54-47 

337-5 

571-7 

538-7 

558-1 

599'9 

542-9 

558-9 

560*0 


8 3 

17 


55 '25 

35<-<5 

5^4-9 

540-1 

554-0 

597*1 

542-1 

546-9 

557*5 

1 

1 

8 28 

18 


5 < 5 - 5 o 

37 < 5-4 

573-1 

532-5 

553-2 

6 oo-i 

548-T 

549-9 

559-5 


8 51 

19 


58-10 

400-4 

5*59-9 

538-8 

558-9 

598-5 

548-4 

551-0 

560-9 


9 ^5 

30 


60-27 

433-6 

5 ' 55-9 

533-1 

552-2 

598*1 

547-1 

553-0 

558-3 


9 40 

31 


62*63 

471-5 

5 < 54-9 

531-3 

549-3 

593*0 

538-0 

543-0 

553-3 


10 29 

32 


67-72 

549-0 

553-6 

530-3 

562-3 

599’9 

546-0 

547-0 

558-3 


1 i6p.m. 

23 


76-30 

68 1 -2 

570-9 

546-1 

577-2 

614*1 

554-2 

552-0 

569-1 


I 39 

24 


77-12 

697-6 

572-1 

550-1 

473-1 

615-9 

556*9 

555'9 

570-7 


2 2 

25 


77-92 

709-0 

574-9 

550-2 

574-0 

619-2 

559*1 

555 'i 

572-1 


2 27 

36 


78-77 

720-5 

575-9 

550-1 

573-9 

617-9 

557*9 

556-1 

572-0 


2 50 

^7 


79‘47 

732-2 

584-9 

557-0 

579-0 

623-4 

563*9 

563-1 

578-4 


3 18 

28 


79'85 

742*5 

585-9 

558-9 

586-9 

626-0 

572*3 

568*4 

583*1 


3 43 

29 


80-05 

746-6 

589-9 

5*53-9 

585-0 

628-1 

570*9 

566*2 

584-0 


4 7 

30 


79-95 

743*5 

587-0 

5 < 55-9 

587-1 

629-9 

572*4 

566*9 

584-9 


25 tli (5 5 i.M. 

31 


52*30 

335-0 

595*9 

573-9 

5p2-i 

633-9 

580*3 

585'2 

593-6 

Sty clear. 

6 32 

32 


52-25 

332-4 

604-9 

571-1 

588-0 

652-1 

579-6 

583-7 

593-2 


<5 56 

33 


52-52 

339*5 

6 o 2-I 

568-9 

587-1 

630-9 

574-9 

582*2 

591-0 


7 20 

34 


53-42 

354-5 

601-0 

565-0 

580-0 

628-4 

573-1 

577-0 

587-4 


7 45 

35 


54-92 

379-4 

589-1 

559-9 

576-1 

622-2 

569-1 

575*0 

581-9 


8 9 

36 


56-77 

410-9 

588-0 

551-8 

576-0 

622-4 

565-7 

571*2 

579-2 


8 34 

37 


58-95 

442-6 

585-8 

553-1 

574-2 

613-3 

564-9 

567*0 

576*4 


8 58 

38 


61-30 

477*5 

579-0 

545-9 

568-1 

, 6i2-8 

563-1 

565-9 

572*5 


9 2^3 

39 


63-75 

515*5 

579-0 

545-9 

568-8 

615-1 

562-9 

565-3 

572*8 


9 49 

40 

IMWMMM 

66-27 

553-9 

578-7 

546-3 

567-2 

614-8 

567-2 

567*2 

573*6 

Error of chro. tliis 
moming 43^ .slow. 



BAR COMPARISONS 


SI 


Before the measurement — (Conlinue<l.) 
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Before the measurement — (Continued.) 

Let the mean, length of the compensated bars minus the Standard A at 62° F. be denoted 
by Xy and the observed excess of the compensated bars by B when the temperature of A is f. 
Then, the expansion of A for 1° being •— dEf), we have 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results : — 


^ d 


ip+ 5-83 

-dEj 

-193-5 = 0 

37 + ‘7-08 

-dEaj 

—202-5 = 0 

a?+ 5-03 


-177-7 = 0 

37 + 5-23 

33 

-168-3 = 0 

a?+ 3 '^S 

pp 

-146-6 = 0 

37 + 3-05 

33 

-133-8 = 0 

a;+ 0-53 

P) 

— 99-0 = 0 

37 + 0-70 

33 

- 95-0 = 0 

a?- 3-30 

3 ) 

- 34-5 = 0 

37 - 1-75 

33 

- 57*3 = 0 

ar~ 7-35 

3 ) 

+ a 4'3 = 0 

37 — 4-27 

33 

- 19-7 = 0 

a?— io'57 

33 

+ 72-5 = 0 

37-15-60 

33 

+ 129-5 = 0 

a?— 18-32 

33 

+ 176-1 = 0 

37 — 16*40 

33 

+ 142-2 = 0 

a?— 19-07 

33 

+ 190-2 = 0 

37 — 17-10 

33 

+ 153-1 = 0 

a?— 19-67 

33 

+ 192-3 = 0 

a~i7’6y 

33 

+ 160-5 = 0 

37—19-92 

33 

+ 198-6 = 0 

37—18-12 

33 

+ 165-5 == 0 

37 — 30-02 

33 

+ 194-2 = 0 

37—18-45 

33 

+ i69-7 = 0 

37-19-82 

33 

+ 187-0 = 0 

37-18-55 

33 

+ n= 0 

37 + 8-25 

33 

— 236-9 = 0 

37-18-57 

33 

+ 169-3 = ° 

3 ? 4 - 8'o8 

33 

-232-3 = 0 

37—18-50 

33 

+ 165-0 = 0 

37+ 7-53 

33 

— 222-5 — 0 

37+12-15 

33 

-297-5 = 0 

37 + 6-75 

33 

— 205-9 = 0 

37+ 12-00 

33 

— 291-2 = 0 

37+ 5-50 

33 

— 183-1 = 0 

37 + 11*13 

33 

-273-1 = 0 

37 + 3-90 

33 

— 160-5 = 0 

37 + 9-33 

33 

—237-6 = 0 

37 + 1*73 

33 

— 124-6 = 0 

37 + 6-80 

33 

-193*5 = 0 

3 ?— 0-62 

33 

- 81-8 = 0 

37 + 3-78 

33 

- 147*3 = 

37 - 5-72 

33 

— 9-2 = 0 

37 + 0-05 

33 

- 85*1 = 0 

37 — 14-30 

33 

+ 112-1 = 0 

37 - 3-40 

33 

— 32-6 = 0 

37 — 13-12 

33 

+ 126-9 = 0 

37 — 6-32 

33 

+ 8*4 = 0 

37 — 15*92 

33 

+ 136-9 = 0 

37—18*90 

33 

+ 185*8 = 0 

37 — 16-77 

33 

+ 148-5 = 0 

37—20*07 

33 

+ 201*9 = 0 

37 — 17-47 

33 

+ 153-8 = 0 

37 — 21*10 

33 

+ 213*2 = 0 

37—17-85 

33 

+ 159-4 = 0 

37-21-72 

33 

+ 221*1 = 0 

37 — 18*05 

33 

+ 162*6 = 0 

37 - 21-87 

33 

+ 219-7 = 0 

37 — 17-95 

33 

+ 158-6 = 0 

37 - 21*65 

33 

+ 214-6 = 0 

37 + 9-70 

33 

—258-6 = 0 

3 ?+I 2’45 

33 

-300-9 = 0 

37 + 9-75 

33 

—260-8 = 0 

37+12-60 

33 

-302-3 = 0 

37 + 9-48 

33 

-251-5 = 0 

37 + 12-03 

33 

—287-3 = 0 

37 + 8-58 

■ 33 

—232-9 = 0 
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Before the measurement — (Continued.) 


« + 10*28 (Ea 

- J 

— 249*8 = 0 

a:- 17*47 fE ^ 

- dEJ + isg’i = 0 

a; 4 - 7*^3 


—205*9 = 0 

»— 18*65 

>y 

+173*5 = 0 

»+ 4*55 

n 

-155*2 = 0 

«— 19*50 


+183*7 = 0 

S !+ 1*50 


— 103*1 = 0 

35—20*17 


+190*9 = 0 

X— 1*65 


- 54*9 = 0 

35 - 20*55 

)y 

+194*3 = 0 

X— 4*87 

)} 

— 7*1 = 0 

35—20*62 

n 

+195*9 = 0 


And from the mean of these results, 

d 

X = 10*49 + 6*01 — dH^) : 


adopting the original value of the expansion of A given at page ( 9 ), 

m.if d 

— 22*67 = i 6 ' 404 » 

d m.y 

and X = 109*08 — 6*01 dE^ — 150*75 — • 6*oi dE^~ L — A; 
where L denotes the mean length of the compensated bars obtained from aZZthe comparisons;, 

i 

as represented by the mean micrometer reading 597*72, page III 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following : — 


In terms of 

A — L 

B — L 

C -L 

D-L 

B-L 

H - L 

Micrometer divisions 

+5*62 

—22*76 

-0*51 

+4**36 

-12*36 

—12*38 

Millionths of a yard. 

+ 7*77 

-31*45 

—0*70 

+58*54 

—17*08 

—17*11 


Also combining the values in this table with the equivalent of L— A above determined, 
there result, 


d 

A — k 1 1470 — 6*01 
B - A = ’ 86-32 - , 

C — A = 108*57 , 

D — A = 151-44 — j 
E — A = 96*72 — j 

H— A= 96*70— , 

and 6 a; = 


m.y 

'a = I 58 ' 5 » - 

6*01 dE ^ 

= 119*30 - 

yj 

= 150*05 - 

)3 

= 209*29 — 

yj 

= 133*67 - 

33 

= 133*64 - 

33 


■S - 36-1 dE„ 
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CoMpchnsons letween the Statidafd Bar A and the Compensated Bars A, B, 0 , D, E, I-I, 

made after the measm'emenf. 


Micsometeb Bbabinos iir Ditisiohs 


1 Division = 


' 26676 ~ 77 ~ A 


Jaiiy. .| 


? i . m . 

7 41A.M. 

8 16 
8 <2 

9 20 

9 49 

10 14 

10 38 
I aSPJii. 


I 43 ‘3 
a 50-4 

3 37’o 

4 6o‘9 

5 ^4'4 

6 6y‘2 

7 68 ‘g 

8 74-4 

9 75'5 

10 'J/6'2 

11 75P 

12 757 

13 75'8 

14 75 0 


651 A.M. 15 367 
7 18 16 40-4 

7 58 17 47-4 

8 33 18 ji'p 

8 34 19 37-1 

9 217 30 62*1 

9 53 21 679 

10 20 22 68'4 

10 43 23 70-0 

I 28 P.M. 24 76 ’i 

34 23 76-3 

3 37 26 76*4 

3 j 3 37 76'(5 

3 16 38 767 

3 39 29 76-3 

40 30 75-8 

4 31 31 74-9 


39-83 

4i'45 

44’75 

47’^5 

31-00 

54-20 

57-13 

68-97 

70-20 

71 '35 
73-25 

73- 10 

7370 

74- 00 

38-77 

38-83 

40*20 

4^92 

44*82 

48-35 

51-42 

54-57 

57-22 

70-37 

72 - 27 

73- 22 

74- 02 

74-62 

73- 02 
75'32 

74 - 55 


2l8t 7 I A.M. 32 37-1 38-25 

7 30 33 42-1 38-67 

8 ii 34 50-7 40-87 

8 41 35 5*5-2 43-67 

9 II 3.6 61-7 47-05 

9 37 37 <5.5*4 5o‘i7 

9 58 38 67-9 53-02 

10 19 39 7o’o 55-70 


4- 

184-7 

209-5 

257-6 

303-1 

353-8 

399‘3 

441-8 

614-2 

< 533-0 

<549-5 

664-5 

677-5 

687-5 

692-6 

165-2 

164-0 

183-0 

209-1 

353-8 

303-3 

350-5 

398-<5 

43*5-7 

619-8 

648-8 

663-9 

677-0 

685-6 

692-2 

696-6 

699-0 

134-3 

I36'3 
170-0 
212-1 
265-6 
3X2-0 
352-^ 
393 ’3 


4- 

644.1 

632-1 

625-1 

618-x 

614-9 

607-2 

605-0 

6 18- o 

619- 9 

625- 0 
624-9 

628 - 2 

629- 1 

< 533-0 

643-9 

< 539-9 

<535-0 

626- 9 
618-5 
607-1 

603-8 

595-4 

599-0 

601-4 

603-9 

605-0 

612-0 

611-9 

616-9 

618- 6 

620- 0 

620-3 

619- 0 
6 ri'o 
600*1 

589-8 

581-8 

576-0 
579-3 


+ 

606-9 

597 -o 

590- 1 

585-9 

578 - 1 

572-0 

576-1 

591- 0 

595 - 4 

588- 2 
601 -2 
6or-o 
600 -I 

606 -I 

604-1 

598*0 

596- 6 

589 - 7 

579 - 9 

572-8 

564-4 

562-9 


579-0 

583 - 2 

584 - 4 

586-7 

588-8 

593-9 

593-0 

585 - 8 

577-4 

571-0 

559-1 

544-3 

548-9 

543-1 

500-1 


c 

7 ) 

E 

H 

1 

Blean of the 
compensated 
bars 

+ 

+ 

-t- 


+ 

616-9 

664*2 

6 X 3-0 

620-8 

627-5 

613-9 

659-1 

607-3 

610-3 

620-0 

607-9 

656-3 

604-1 

604-6 

614-7 

599 ‘9 

652-1 

597-1 

598-5 

608-6 

594-0 

640-1 

597-9 

589-1 

603-4 

597-0 

640-8 

590-1 

589-1 

599-4 

595-1 

641-9 

59^-0 

589-0 

600-5 

620*1 

6 < 55-3 

608-1 

593-4 

616-0 

619-3 

662.-9 

605 "o 

597 ‘i 

616-6 

620-0 

665-2 

6 II-I 

600-4 

618-3 

623-8 

663 -9 

612-9 

603-4 

621-7 

624-9 

670-6 

614-8 

604-3 

634-0 

629-0 

668-9 

6 i 8-2 

603-9 

624-9 

629-9 

670 -x 

617-9 

608-8 

637-6 


619-9 

620*1 

613-1 

605-9 

598-9 

592-4 

585-4 

583-9 

587-1 

(5 i 2-I 

612-5 

610- i 
6i2‘9 

61 1- 8 

6 id-i 

6i6'2 

618-9 

600-9 

603-1 

590-9 

582-1 

57 < 2-9 

571-0 

565-9 

565-3 


661-9 

661-1 

66o-2 

653-9 

639-9 

633-5 

633-9 

635 - 0 

632-1 

645-9 

649-1 

653 - 6 

655 - 3 

654 - 9 

656 - 0 

655 - 0 

659-0 

643-3 

636 - 9 

637 - 9 

626-9 

6i8-o 

614-0 

610-9 

610-0 


609-1 

607-7 

604*3 

598-1 

589-0 

587-9 

585-1 

584- 1 

585 - 0 

589- 0 

593'3 

597-0 

597-9 

590- o 
603-1 
603-9 
607*0 

C90-8 

587-4 

579-3 

573-0 

569-9 

566*1 

563- 1 

564- 1 


619-9 

615-9 

6o8*s 

60 ro 

691 ‘3 

584 - 8 
580-0 

578 - 1 

579 - 0 
576-0 

582 - 4 

585 - 0 

586 - 9 

587 - 7 

590 - 2 

588 - 1 

591 - 1 

603-1 

595-8 

583 - 6 

573-0 

566-1 

561-9 

558-7 

560-1 


626-5 

623-8 

619-6 

612-9 

603-9 

596-4 

592-1 

590-1 

<00-2 

600-4 

603-4 

605-7 

608 -3 

607-3 

611-9 

6i3'5 

6r4'8 

607-4 

603-3 

595*4 

585-5 

576-5 

574-0 

569-5 

563-1 



Sky clear. 





BAR COMPARISONS 


III 


9 


Afkr the measurement — (Continued.) 



h. 

m. 


0 


■f 

4- 

-f 

4 - 

+ 

4 - 

4- 

•+ 

21 at 


37 P-MC. 

40 

78-8 

7 U 5 

674-9 

588-8 

360-0 

60,5-0 

650-0 

376-4 

560-1 

589*7 


3 

0 

41 

78-4 

y&oy 

684-5 

383-0 

337-9 

592-1 

641-8 

374-4 

361-3 

583*2 


3 

a 2 

42 

78*1, 

7 ^'SS 

691-9 

386-1 

361-4 

392-0 

635-4 

374-0 

362-5 

583-2 


3 

4.5 

43 

77-6 

76 ' 8 o 

696-7 

.SSp'a 

3 ^ 4‘7 

393 -8 

633-1 

378-9 

365-0 

587-8 


4 

6 

44 

76-9 

7 ^' 9 S 

700-7 

393 ■! 

3^4-9 

393 "^ 

638-1 

378-3 

367-3 

589*3 

i 

4 

24 

45 

73 

77 'oo 

699-0 

395 ‘i 

3 * 53 -8 

590-2 

632-2 

377-9 

367-4 

587-8 


4 

43 

46 

73’7 

76'9o 

696'5 

598-1 

3 < 58-3 

392-9 

632-0 

580-1 

568-9 

590-2 

22nd 

6 

57 x.m. 

47 

38*9 

4 o '43 

158-2 

613-0 

373-^ 

393-1 

629-9 

580-9 

582-2 

593-7 


7 

20 

48 42*6 

4o'62 

161-4 

608-8 

374-9 

391-^ 

632-1 

582-0 

587-9 

596-1 


7 

51 

49 

48-1 

4177 

179-0 

605-9 

364-1 

383-3 

622:2 

570-^ 

580-9 

588-1 


8 

Id 

.fjo i;2’6 

43 '32 

202-2 

393 '9 

354-9 

379*0 

619-9 

566-1 

573-0 

581-5 


8 

48 


58‘4 

4 < 5 ‘ 3 a 

245-4 

383 

347-a 

563-9 

6ii-i 

561-2 

539-1 

372-3 


9 

II 

52 

6'2'I 

48-57 

278-9 

580-6 

542-1 

563*3 

610-9 

560-1 

536-2 

368-9 


9 

33 

S 3 

< 53*4 

51-12 

5 1 7-1 

373-9 

337-4 

558*3 

603-0 

534-0 

533-9 

363-4 


9 

59 

34 08-4 

54-ao 

563-6 

567-0 

333-1 

538-0 

604-0 

532-0 

349-0 

360-9 


I 

40 r.M. 

S 5 

77'8 

73 ' 1 ‘i 

648-1 

373 “i 

533-2 

580-9 

627-0 

563-2 

332-3 

375-6 


1 

39 

56 

8 o '3 

74-70 

665-1 

378-0 

553-8 

578-2 

625-4 

569-8 

534-9 

376-7 


2 

20 

S 7 

8i‘2 

7370 

68ro 

379-9 

339-^ 

584-0 

626-4 

57^-2 

337-9 

379-8 


2 » 

42 

38 

Srs 

73-67 

696-5 

384*4 

358-0 

583-0 

631-2 

572-1 

338-9 

381-6 


3 

3 

39 

8i’6 

77-52 

7iro 

588-8 

561-8 

586’9 

629-9 

377-6 

364-2 

384-9 


3 

24 

60 

817 

78-13 

721-0 

589-9 

339-9 

586-8 

625-2 

572-9 

363-0 

383-0 


3 

45 

di 

8i’a 

78-80 

7^77 

589-9 

563-1 

590-0 

630-0 

373-3 

367-2 

383-9 


Moans S 9'^3 46a’ 17 <!)0_5 'q8 57i’33 6 i\.o‘io 586'68 58f^5 597’io 



Miobometir Eeabih-qs IN' Divisions 


1 Division : 


:Oary^s Inch [7.8], = I '3828 m.y. of A 


A B 


D E H 


Eeuabes 





SIRONJ BASE-LmE 

AfUr the meamnmnt — (Coutimied) 

Ab on page III ^ we have 

^ ~ (f - 62°) ~ - S = 0 ; 

and from the preceding bar comparisons, we obtain the following series of results 

d 

^+3375 -473-1 = o 


37430*55 


-410*5 = 0 

37417-35 

P ) 

-357*1 = 0 

a74i4'35 

3 ) 

-305*5 = 0 

37411*00 

3 ) 

— 248*6 = 0 

374 7*80 

3 ) 

— 200*1 = 0 

374 4*88 

3 ) 

- 158*7 = 0 

37— 6*97 

}} 

— 1*8 = 0 

37— 8*30 

3 ) 

4 16*4 = 0 

37- 9*35 

3 ) 

4 31*3 = 0 

37—10*25 

3 P 

4 42*8 = 0 

37-11*10 

33 

4 53'5 = 0 

37—11*70 

33 

4 62*6 = 0 

37-13*00 

33 

4 65*0 = 0 

37423*33 

33 

—461*3 = 0 

37423*18 

33 

-459*8 = 0 

37421*80 

33 

—436*5 = 0 

37430-08 

33 

—403*8 = 0 

37417*18 

33 

-349*1 = 0 

37413*75 

33 

-393*1 = 0 

37410*58 

33 

—341*6 — 0 

374 743 

33 

-191*5 = 0 

a?4 4*78 

33 

-■i53'5 = 0 

1 

00 

33 

4 19*4 = 0 

37— 10-37 

33 

+ 45’4 = 0 

37—11*33 

33 

4 58*2 = 0 

37—13*03 

33 

4 68*8 = 0 

37-13*63 

33 

4 7^4 — 0 

37—13*02 

33 

4 8o*3 — 0 

a?-j3*32 

33 

4 84*1 = 0 

a?- 13*55 

33 

4 84*2 = 0 


^3- 23 '33 

a + 2 I ' J $ 
-a? 4-18*33 

j? 4- 14-95 

;*?+ 11*83 
iC4- 8*98 
■ X + 6*30 
^-13*45 
;17— 14*07 
a?- 14-55 
or— 14*80 
a?- 14*95 
a?— 15*00 
a?— 14*90 
a? 4 21-55 
a;43i-38 

a? 4- 30-23 
37418-68 

374 15-^^ 
37413-43 

37410-88 
374 7'8o 
37 — 11*73 
37 — 13*70 
37 — 13*70 
37—14*67 
37 - 15*53 
37— 16*35 
37 — 16*80 


J } 

3 ) 

y ) 




—467*0 = 0 
-435-4 = o 

-375-4 = 0 

-310*9 = o 

— 363*0 = o 
—316*9 = o 

— 169*8 = o 
4 85*3 = o 
4 99*4 = o 
4 106*7 ~ ® 
4108*9 = o 
4iii*3 = o 
4in*3 = o 
4 io 6*4 = o 
-437*5 = o 

-434*7 = o 
—409*1 = o 

- 579‘3 = o 
-335*9 = o 
-390-0 = o 
— 346-3 = o 
-197-3 = O 
4- 73’5 = o 
4 88*4 = o 
4101*3 = o 
4114*9 = o 
4136*1 = o 
4 138*0 :s: o 

4141*8 = O 



BAR COMPARISONS 


III 


II 


After the measurement — (Continued.) 

And from the mean of these results, 

d 

X = 134-93 - 2-17 - dJE^): 

adopting the original value of the expansion of A given at page ( 9 ), 

j».y d 

= ^^'67 = 1 6*394, 

d my 

and X — 99*36 + a*i7 dM^ = 137*40 + 2*17 = l - a; 

where L denotes the mean length of the compensated bars obtained from odl the comparisons, 

as represented by the mean micrometer reading 597*10, page III . * 

9 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following : — 


In terms of 

A-L B-l C-L D-I, I-L H -1 

Micrometer cliyisions. 

Millionths of a yard. 

+ 7-98 -“34*77 —0*32 +43-10 —10-43 -15*55 

+ 11-05 --54*35 - 0-44 +59*60 -14*41 -31-50 


Also combining the values in this table with the equivalent of L— A above determined, 
there result, 

i my 

A — A = io7'34 + 3*17 dE^ = 148-43 + 3*17 dEg 
B-A= H ‘ S 9 + » =103-15+ „ 

C - A = 99-04 + „ = 136-96 + „ 

D — A = ,143-46 + „ = 197-00 + „ 

E — A = 88-94 + „ = 133-99 + ;j 

H - A = 83-81 + „ = 115*90 + „ 

uy 

and 62: = 824*4 + 13*0 dE^, 





SIRONJ BASMM 


Final deduction of the total length measured with the compensated bars. 

FiompageIII_, the excess of the 6 compensated bars aboYe 5 times A ie/ore the meast: = 904-5 - $ 6 'idEa 


III 


Therefore the mean excess of 


after = 834-4 + ^S‘o dE^ 

applicable to the base-line = 854-5 “ n-5 


Also the mean length of a set of 6 compensated bars in feet of the standard = 6o'oo35935 A -u'6dE^ 


Similarly; from pages and III__ , the mean excess of the 4 compensa-l _ _ 

‘ ted bars A; Bj C; D aboye 4 times kj ^ 


T 1 


And the mean length of the set of compensated bars A, B; C, D in feet of the") __ « A _ . 

standardj 77 


Hence the total lengths measured with the compensated bars 

fed of A 

in sets ¥os. i to 609 = 36541-5794 

in set Ho. 6091 = 40-001 8 


7064 dE, 
^dE„ 


in sets Hos. i to 609^ = 36581-5813 - 7073 dE^ 


1" Y l"f 

Now the mean temperature of A during the aboie bar comparisons was 63° 4 ^ - — - (or 63° + ~ ) 

6 4 

= 63°-9; for which temperature the corresponding expansion of A from page ( 19 ) is 31*660 m.y. Compar- 
ing this value of expansion with the original value = 33*67 m.y used in the foregoing; it is found; that 
dE^ = 4 roi m.y; and substituting for dEa^ this numerical yalue there results ;~ 


The total length measured with the compensated bars insets Hos. i to 6091 = (36581*5813 -*0314) A 

= 3«j8r5598 A 



SIRONJ BASE-LINE 


IIL 

^3 

Comparisons letwem the Compensated Microscopes and their S-inoh brass soaks mring the 
measurement, and provisional determination of Microscope errors with respect to the 
6-inch brass scale A, expressed in millionth of an inch (mi.) 


Whoa compared 

1837 

Microscope. 

Scale compared witH, 

• 

s 

a 

^ u 
nd 3 

0 ) 

o 

<u 

a 

o 

O 

A © . 

CO OT 

-2 0 11 

S S(^ 

0 2 M 

*43 *01 II 

a Co 

P 03 rH 

Microscope 

Microscope Scale. 

1 . 

c3 ^ 

Cj ^ 

C /2 0 

01 
.. CO 

W 

I 

Micros: — 
at 62° 

Scab 

Fah. 

Observed mlm in 
terms of 


S 

SJ 

I 

^ PI 

bivisions 

10000 = 1 ". 

m.i 

November 39th 

Before the measure- 

u 

u 

8 2 '55 

•4-1291 

- 2-35 

- 235 

+ 283 

+1339 

I 


ment. 

M 

M 

83 •05 

1316 

‘OO 

0 

— ar 

1295 

a 



0 

B 

83 '01 

131.3 

'OO 

0 

+ 93 

1406 

3 



P 

P 

8275 

1398 

“lO'IO 

— lOIO 

35° 

638 

4 



F 

F 

83 '42 

1339 

■00 

0 

363 

1702 

5 



R 

R 

74'5i 

78'2 

*00 

0 

93 

875 

6 



S 

8 

83-24 

1337 

*00 

0 

- 73 

1252 

7 

December Gth 

Between sets No. 

IT 

U 

77-85 

•f 991 

+ 3 ' 0.3 

+ 303 

+ a83 

4-1577 

8 


63 and 63 . 

M 

M 

78 ‘ 4 j 

1038 

- 4-93 

- 493 

— 21 

514 

9 



It* 

M 

77’°S 

941 

■4 6-90 

+ 690 

21 

1610 

10 



0 

R 

78-71 

1045 

■63 

+ 63 

•+ 93 

1201 

II 



P 

P 

yg'26 

1079 

- 3-26 

— 326 

35 ° 

1103 

la 



F 

F 

78-43 

1026 

4 - 6-37 

+ 637 

363 

2026 

13 



li 

R 

79'S^ 

1083 

- 8-67 

- 867 

93 

308 

14 



S 

8 

7774 

984 

+ 4‘67 

+ 467 

- 75 

1376 

15 

„ 12th 

Between sots No. 

P 

IT 

55 ' 4 .^ 

- 409 

+ 16-53 

+1653 

-+ *83 

■f-1527 

16 


133 and 134 . 

u * 

ir 

63-68 

+ ^°5 

12-33 

1333 

283 

i6ai 

r? 



M 

M 

57'45 

— 384 

9 ' S3 

983 

— 21 

678 

18 



0 

R 

5 ^ 7 1 

35<5 

17-70 

1770 

+ 93 

1307 

19 



P 

P 

55 ' 3(5 

4 h 5 

7 '03 

703 

350 

638 

20 



F 

F 

52-93 

568 

16-77 

1677 

3<53 

147a 

21 



F* 

F 

61-43 

37 

14-03 

1403 

363 

1739 

22 



It 

R 

60-31 

106 

•00 

0 

93 

- 13 

23 



IP ^ 

It 

69-11 

-+■ 445 

- 5'23 

— 533 

93 

+ 15 

24 



S 

8 

55 ‘ 3 + 

- 413 

+ 17-33 

+1733 

- 75 

1235 

25 

,, 15 th 

Between sets No. 

u 

U 

63-03 

•f I 

+ 10-47 

+1047 

+ ^^3 

+ 1331 

26 


181 and 182 . 

M 

M 

68-55 

410 

5 ' 1 7 

517 

— 21 

906 

27 



0 

R 

64:^6 

173 

10- /o 

1070 

+ 93 

1336 

28 



P 

P 

63-51 

3 ^ 

4-12 

41a 

350 

794 

29 



F 

N 

61-74 

- 16 

13-83 

1283 

3(63 

1630 

30 



li 

R 

63-11 

+ )o 

- 1-53 

- 153 

93 • 

lO 

31 



S 

8 

60-34 

•— no 

+ 14’33 

+J433 

- 75 

1248 

3a 

„ 19 th 

Between sets No. 194 and IBS. 

T 

T 

46-38 

- 983 

+ 773 

+ 713 

- 97 

- 307 

33 

„ 22iid 

Between sets No. 

U 

U 

66-65 

-1- 291 

+ 967 

+ 967 

+ 383 

+ 154 1 

34 


252 and 253 . 

M 

M 

68-45 

403 

6-63 

663 

— 21 

1045 

55 



0 

B 

68 'o8 

380 

777 

137 

+ 93 

1210 

36 



T 

T 

67-90 

369 

— a -63 

— 263 

- 97 

9 

37 



N 

N 

66-42 

276 

-fir-jo 

4-11 10 

+ 363 

1749 

38 



R 

R 

69-71 

482 

- 6-6o 

— 660 

93 

- 85 

59 



8 

8 

66-74 

396 

4-11*67 

4-1167 

- 75 

+ 1388 

40 


* Qliese saicroBcopes wore compared a secoad time, because they were adjusted after the first conpai'isou. 



III. 


SmONJ BASE-LINE 


3Iicroscope Comparisons— {OomimixedL . ) 


When compared 


1837-38 



Micros : Scale — A, 
at 62“ i'ah.. 


I December 28th 


Between sets No. 
331 and 332. 


Between sets No. 
368 and 369. 


January 3rd 


Between seta No. 
i55 and 456. 


Between sets No. 
539 and 540. 


18th. After the measure- 
ment. 


u 

U 

M 

M 

0 

R 

T 

T 

F 

F 

R 

R 

8 

8 

U 

U 

M 

M 

0 

R 

T 

T 

N 

N 


Ji Jt 
S S 

u u 

M M 
0 R 
T T 
N N 
R R 
S S 

U U 
M M 
0 R 
T S 
F N 
F* F 
R R 
S S 

U U 
M M 
0 R 
T T 
F F 
R R 
8 8 

U U 
M M 
0 R 
T T 
F F 
R R 
8 M 


74 - 92 

75 - 08 

7570 

74-62 

77 -ai 

74-24 

74 - 92 

75 •65 
72-71 

7575 

75 - 62 

76 - 26 
7474 

70-31 

70-65 

74-85 

74- 00 

^945 

72-25 

70-24 

77 - 12 

17 SS 

79-xi 

79'44 

75 - 62 

79'43 , 
7871 

77'74 

7^'45 

74-15 

77-31 

76 - 80 

74-32 

74 - 76 

75 - 74 

67-52 

66 - 05 
69-31 
69-65 

67 - 42 

68 - 21 
68-75 


II 


2 

pj 03 H 
nd ft ^ 


+ 807 
878 
817 

856 

789 

951 

765 


Observed value in 
terms of 

Diyisions 

10000 = 1 " 


-I- 519 

.541 

803 

750 

466 

640 

515 

+ 945 

972 

1070 

1090 

851 

1089 

1045 

984 

+ 9°3 
760 

957 

9^5 

770 

798 

859 

+ 345 
253 

457 

478 

339 

388 

422 


+ 4-03 

- 1-93 

+ ^’10 

- 5-63 

+ 9-10 

- 9-30 
+ 4-00 

4 4-40 

- 3-59 

•+ 4‘8o 

- 5-^3 

■4 8-90 
— 12-70 
4 5-17 

4 7-17 
6-13 

4 - 10 

- 4-10 
4 11-60 

- 5-73 

4 10-50 

+ 3-^53 

•23 

3-33 

- 6-17 

4 S’do 

5- ^7 

- Il'SO 

+ 4-50 

+ 3'^7 
2-23 
1-70 

- 6-40 

+ 9'o5 

- 7’33 

+ 5-50 

+ 7’53 
5-20 
8 "07 

- 1-20 
+ 11-43 
“ 5-93 

4 8-07 


4 403 

“ 193 

4 410 

- S^5 
4 910 

- 930 
4 400 

H 440 

- ^59 
+ 480 

- 

4 890 
— 1270 

+ 517 

4 717 
613 
410 

— 410 
4 1160 

- 573 
4 1050 

+ 363 

23 

333 

— 617 
4 860 

527 

-1130 

+ 450 

4 327 
223 
170 

— 640 
4 905 

- 733 

+ 550 

+ 753 
520 
807 

-- 120 
41143 

- 593 

4 807 


4 383 

- 21 

+ 93 

- .97 

+ 3^3 

93 

- 75 

4 383 
21 

+ 93 

- 97 

+ 3^3 

93 

- 75 

4 283 
•— 21 

+ 93 

- 97 

+ 363 

93 
~ 75 

4 283 

21 

4 93 

- 75 

+ 3^3 

563 

93 

- 75 

4 283 

- 21 
+ 93 

- 97 

4 363 
93 

- 75 

4 283 

- 21 
4 93 

- 97 

+ 363 

93 

- 21 


+ 1493 

■ 664 
1320 
196 
2062 
II 4 
109 a 

+ 1530 

573 

1243 

174 

2104 

- 286 
4 1238 

41519 

1133 

1306 

243 

1989 

160 

1490 

+ 1591 

974 

1496 

398 

2074 

1979 

8 

1359 
+ 1513 

962 

1220 

188 

2038 

158 

1334 

41381 

752 

1357 

261 

18+5 

— 112 
41208 


♦ These tticrosccpes were compared a second time, because they -were adjusted after the first 


comparison. 
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Microscope Comparisons — (Continued.) 

The required combinations of individual microscope errors taken from pages III and 

. nTft ftTnrfiSSfid as fnllnwa • ^3 


are expressed as follows ; 
14 

Reference numlers. 


mean iemp: 


® 

+ 

3 

+ 

4 

+ 

5 

+ 

6 

+ 

1 + 7 

2 


•f 7212 

at (62 4 -i9'62) 

before the measurement. 

eg = 9 

+ 

IX 

+ 

12 

+ 

13 

+ 

14 

+ 

8+15 

a 


4- 6629 

at (62 4 -i 6 ‘ 55 ) 

between sets 

6a & 63 

C3 = 10 

+ 

II 

+ 

1% 

+ 

13 

+ 

14 

+ 

8+15 

a 

= 

+ IPS 

at (62 +i6'43) 


n 

do. 

CO 

i-i 

II 

+ 

19 

+ 

20 

+ 

21 

+ 

23 

+ 

16 + 2^^ 

2 

= 

+ 55(53 

at (62 — 57a) 


J? 

133 <^5 134 

eg = 18 

+ 

19 

+ 

ao 

+ 

22 

+ 

24 

+ 

17+25 

2 


+ 5995 

at (62 — 2 'iA) 


J) 

do. 

ce = 27 

4. 

28 

+ 

29 

+ 

30 

+ 

31 

+ 

264-32 

2 

= 

+ 5955 

at (62 4 - i'63) 


J) 

181 <fc 182 

ey = 27 

+ 

28 

+ 

30 

+ 

31 

+ 

33 

+ 

264-32 

a 

= 

4 - 4865 

at (62 — 1*07) 


)) 

194 & 195 

«8 = 29 

+ 

35 

+ 35 

+ 

38 

+ 

39 

+ 

34+ 40 

2 

= 

4" 61 j?8 

at (62 + 498) 

0 

a 

» 

252 & 253 

1! 


35 + 

37 

+ 

38 + 39 

+ 

34+40 

a 


+ 5393 

at (62 4 - 5’88) 

§ 

0 

?) 

do. 

ho ~ 42 

+ 

43 

+ 

44 

+ 

45 

4 46 + 

41+47 

a 

== 

+ 5648 

at (62 +1354) 


J) 

331*6332 

«ii = 49 

+ 

50 

+ 

5 ^ 

+ 

52 

+ 

S 3 

+ 

48 + ,‘)4 
a 

= 

+ 5192 

at (62 +X3'07) 

0 

0 

a 

» 

368 <fc 369 

% = 5<5 + 

57 

+ 58 

+ 

59 

+ 

60 

+ 

55 + * 5 i 
2 

= 

+ 6336 

at (62 4 - 9'9i) 


?? 

do. 

ejj = 63 -f 54 + 55 

+ 

65 

+ 

68 

+ 

624-69 

2 

= 

+ 6425 

at (62 +1598) 


)) 

455 <6 455 

=53 + 54 + 55 

+ 57 + 58 + 

62+69 

a 

= 

+ 6330 

at (62 +i6’6i) 



do. 

hi = 71 

+ 

72 

+ 

73 

+ 

74 + 

75 

+ 

7 o 4 'y <5 

0 

= 

: + 5990 

at (62 +13 ’5 7) 


n 

539 A 540 


% = 71 + + 74- + 


70+73 


+ ^oji at (62 +13 ’So) 


77+83 


% =78 + 79+80 + 81 -f- 82 + — - — - = + 5398 at (62 + (5't3) after the measuremeat. 

A /t Q ^ _-l_ 0 V ^ 7 7 "t ■ i M rtJ* ^ J \ /. 


78 + 79 + 8r + 


= + 4775 at (62 + ^•84} 


And from the foregoing, we obtain the following equations for the microscope errors 
per set (or m.e.) ; where dE expresses the error in the adopted value of the expansion of the 
6-inch scales. 

g. 4_ g m.i 

( m . e .\ = ^ = + 6921 — 6 X 18*14 djS applioabla to sets Nos, i to 5 a 


(m.e.)s 

{n.e.\ 


+ <^4 

a 

^6 + 

a 

^6+ *8 

a 


=s + 6594 — 6 X 31*36 dE 
= -f 5981 + 6 X 0*26 dE 
= -j- Cop — 6 X 3*31 dE 


63 to 133 
134 to 18 1 
18 a to 194 


(Microscope errors per set (or m,e.) contmued on neit page.) 
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Microscope Comparisons — (Continued.) 
Microscope errors per set (or continued from preceding pa^ge 


{m.e\ 

_ '^7 . 

a 

= + 5139 ■ 

- 6 

X 

a'4i dE 

applicable 

to sets Nba. 

193 to 233 

(m.e.)s 

__ Cg + <Sio . 

a 

= + 5631 ■ 

~ 6 

X 

9’7i dE 

?> 

33 

333 to 331 


®io “b _ 

2 

= 4 - 5430 - 

-- 6 

X 

13-31 dE 


35 

332 to 368 

(?a.e.)g 

^12 

2 

= 4- 6381 - 

- 6 

X 

ia'95 

33 

33 

369 to 435 


__ + ^15 _ 

2 

= H- 6i5o - 

- 6 

X 

15 'Op 

33 

53 

45^ to 539 


_ <^15 + ei7 _ 

a 

= 4- 5694 - 

- 6 

X 

9-83 f/AT 

35 

35 

340 to 609 


_ ^Ifi + ^18 _ 
2 

: 4- 4933 - 

• 4 

X 

9-72 applicable to 

set No. 

6o9;l 


Hence the total microscope errors are as follows : 

. **•'*'• feet of A 

m sets Nos. i to 6a = 6 z = 42910a - 6748 dB = *0358 - 6748 dE 

63 to 133 == 71 = 475^74 - 2383 dE = *0396 ~ 2283 dE 

134 to 181 = 48 = 287088 •+ dE =z -0239 + 75 dE 

18210194 = 13 (w.e.)^ = 78936- 258 = -0066 - 258 JE 

195 to 25a = 58 (m.e.)5 = 29748a - 839 dE = -0248 - 839 dE 
^53 to 331 = 79 (m.e.), = 436159 - 4603 dE = '0363 - 4603 dE 
332 to 368 = 37 = 300540 — 2955 dE = -0167 — 2955 dE 

36910455 = 87 (m.e.)g = 555147 — 6760 dA? = *0463 — 6760 
45610 539 = 84 = 517440 — 7605 dE = -0431 — 7605 dE 

540 to 609 s= 70 (w,c.)^o = 398580 — 4137 dE = *0332 — 4137 dB 
in set No. 609^ = i (m.e.)ii = 49^3 - 39 dE ^ -0004 - 39 dE 

And the total microscope errors in the base-line = *3067 -36152 dE 
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III 


Miomcop Companions — (Continued.) 


■17 


Pinal deduction of the total lengths measured with the compensated micioscopes. 

Hitherto the microscope errors have been determined only provisionally : i.e. in terms 
of the 6-incb brass scale But from page ( 31 ), we have 2 A = I’ooooioa value in 
1835 . Also, the co-efficient of expansion for brass, has been taken at '000,010,417 in the fore- 
going reductions, whereas it appears from page ( 17 ) that '000,009,855 is a more probable value. 
Accepting the latter, it may be found that dE = 3-372 [m.i). Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A -f the corresponding 
we have, 


Total lengths measured with the compensated microscopes 

feei of A feet of A 

Insets Nos. i to 609 = | 609 x 3 -f '3063 36113 dE = (i83^'34i4 — ‘oioi) = 1827*3313 

In set No. 609^ = -T i x a ■+• '0004 — 39 = ( 2-0004 — -oooo) = 2*0004 


In sets Nos. i to 609,^ or South-’West-End to North-East-End = (1829-3418 — -oioi) = 1829-3317 


Disposition of the bars and nioroscopes during the measurement. 

The following typical illustrations show the permutations and combinations of the bars 
and microscopes during the measurement. The instruments are here named in the succession 
that actually occurred, commencing from the rear-end of a set ; and the numbers assigned to 
the illustrations, will be found employed in the tables of “ Extracts from the Field Book &c.” 


Bar Illustration. 


Microscope Illustration. 


No. 1 No. 2 



Statement. 


No. 1 No. 2 No. 3 


PI 

1 PI 

M 

M 

j M 

0 

0 

1 0 ^ 

P 

r ^ 

^ N 

N 

N 

P J 

R 

E 


isj 

isj 



Statement. 


No. 1 occurs in sets Nos. i to 609. 
No. 2 „ set No. 609^. 


No. 1 occurs in sets Nos, i to 194. 
No. 2 „ Nos. 195 to 609. 

No. 3 „ set No. 6091 


?? 
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Extracts from the Field Boole of the measurement, and caleidated heights of sets 

above th origm. 

Adopted Leiglits above mean sea level. 

South- West-End (origin) = i5a9'4feet. 

!N’ortJi-East-Bad (terminus) = i4.79’o feet. 


When com- % 
pared “ 


Mean time of 
ending 


ITmneral 

elicwfeg 

arrange- ^ 

mentof 


com- ® 


Mean time of 53 


eudiug 


K’uineml 
slicvviiig 
anungc- 
iiicnl. of 


1st Dec. 



0 

A. 

m. 

I 

53 ’3 

6 

55 

2 

d+’o 

8 

0 

3 

7 ri 

8 

59 

4 

757 

9 

37 

5 

79 ‘3 

10 

^5 

6 

817 

II 

2 

7 

82 '0 

I 

44 P.M. 

8 

82'I 

2 

27 

9 

82‘2 

3 

21 

10 

807 

4 

9 

II 

53-0 

<5 

54 A.M. 

12 

587 

7 

37 

13 

65 -0 

8 

12 

14 

707 

8 

42 

15 

75-4 

9 

17 

16 

79'o 

9 

50 

•17 

82-7 

10 

31 

18 

84-0 

ii 

3 

19 

84-2 

I 

46 P.M. 

20 

83-6 

2 

18 ■ 

21 

827 

3 

5 

23 

82‘0 

3 

315 

33 

8i-o 

4 

II 

34 

78-2 

4 

39 

25 

48 ’i 

6 

47 A.M. 

2(5 

52-8 

7 

18 

27 

5 o -3 

7 

58 

28 

^57 

8 

22 

29 

697 

8 

55 

30 

73'3 

9 

21 

3^ 

75'2 

9 52 

32 

78'3 

10 

SO 

33 

807 

10 

54 

34 

8i'o 

II 

SI 


feet. 

6 + 2'2 


2- O P.M. 

s 25 
3 33 

3 59 

4 40 

6 37 A.M. 

7 13 
7 57 


43 

66°3 

h. 

8 

m. 

38 A.M. 

5 

fed. 
— J 7‘3 

44 

71-0 

9 

2 

6 

■I?’.) 

45 

73-8 

9 

26 

6 

177 

46 

75-9 

10 

2 

6 

J77 

47 

78"2 

10 

30 

6 

i8'4 

48 

787 

1 1 

5 

6 

187 

49 

8i-o 

I 

45 P.M. 

6 

19 '3 

50 

8ro 

2 

14 

6 

I 9'5 

5 ^ 

8r‘3 

2 

53 

6 

19-9 

53 

8 0-8 

3 

22 

6 

I 9’9 

53 

8 o-2 

3 

51 

6 

ao'a 

54 

79-0 

4 

18 

6 

ao*4 

55 

48'o 

6 

58 

6 

ao’4 

5*5 

537 

7 

34 a.m. 

6 

20'9 

57 

6o-o 

8 

I 

6 

an 

58 

65-1 

8 

40 

6 

2 1 '6 

59 

7 ^'3 

9 ' 

16 

6 

21 ‘8 

60 

72-8 

9 

45 

6 

227 

22‘6 

5 i 

76-6 

10 

22 

6 

62 

8o- 5 

TO 

59 

6 

227 

<53 

487 

7 

3 

6 

23 '2 

64 

54-0 

7 

30 

6 

. 23 


10 I 
10 26 
57 

1 32 P.M. 
a I 

2 .35 
a 58 

3 28 

3 5 ^ 

4 2,3 

4 47 

6 45 A.M. 

7 ja 

7 43 

2 7 

8 38 


"The reax-end of set No. i stood exactly over the dot at Soiith-West-End 


DETAILS OF THE MEASUREMENT. T H 

191 

Extracts from the Field Boole — (ContinxiecT.) 


Wlien eoa 
paired 

1* a> 

m 

? 

d 

Temperature of Air 

?:! 

cn 

Mean time of c 3 
ending ^ 

0 

0 

-p 

m --4 

^ 2P 
^ '2 
^ d 

A 

bO 

(4 

iNximcral 
shewing 
arrango- 
mont of 

When com- % 
pared ^ 

■M 

1837 

•< 

0 

<D 

1 

p 

s 

P4 

■I 

H 

rd 

CU 

w 

13 

ra 

Meantimo ox S 
endin'? 

0 5 ^ 

0 

0 

0 

0 0 

0 3 

40 

Numeral 
shewing 
arrange - 
meat of 

issr 

m 

u 

pq 

Micros : 

w 

d 

pq 

Micros : 



0 

m. 


feet. 



1 

1 


0 

li, 


feel 


i 

8th Deo. 85 

68'o 

9 0 A.M. 6 - 

- 295 

I 

1 

lltliDcc. 1.33 

7i'8 

4 16 P.M. 6 

- .307 

I 

I 


86 

72-5 

9 34 

6 

287 

I 

I 

12th 

134 

76'4 

r J9 

6 

30-6 

I 

I 


87 

76-0 

XO 2 

6 

27 '[ 

I 

I 


135 

-fya 

I 43 

6 

3°‘5 

I 

I 


88 

/S'o 

10 30 

6 

27-1 

I 

I 


136 

fy?> 

2 14 

6 

31-1 

I 

I 


89 

So'o 

10 56 

6 

27-0 

I 

I 


137 

77 'o 

2 38 

6 

3>-3 

I 

X 


90 

8 o-o 

132 P.M. 6 

27-0 

I 

I 


138 

)&o 

3 9 

6 

317 

I 

I 


9^ 

8 1 -5 

I 58 

6 

27-0 

I 

I 


139 

7 , 5‘4 

3 30 

6 

3 '‘9 

I 

I 


90 

8 a-i 

3 27 

6 

27-2 

I 

r 


140 

74-0 

3 5'^ 

6 

32-2 

I 

I 


93 

8 o '8 

a 53 

6 

273 

I 

I 


141 

7i‘o 

4 20 

6 

32*0 

X 

I 


9+ 

8o'7 

3 19 

6 

■2 7*0 

I 

I 

13 th „ 

142 

43 ’8 

6 42 A.M. 6 

32'4 

I 

I 


93 

79-0 

.3 41 

6 

2 7'6 

I 

I 


143 

46*2 

7 5 

6 

32-6 

I 

I 


96 

77-4 

4 4 

6 

2 7'8 

I 

I 


144 

50-0 

7 3 ^> 

6 

33 ' I 

I 

I 


97 

73‘3 

4 

6 

28-1 

I 

I 


145 

. 74 ' 0 

7 .77 

6 

3 3 ’3 

I 

I 

9th „ 

98 

44 ’o 

6 4 tA.M 

6 

28'2 

I 

1 


146 

58 8 

8 25 

6 

3 . 3'6 

I 

I 


99 

48-0 

7 JO 

6 

28*4 

I 

I 


147 

627 

8 49 

6 

34-0 

I 

X 


JOO 

54 ' -t 

7 40 

6 

287 

I 

I 


148 

66'8 

9 18 

6 

34'4 

I 

I 


lOI 


8 2 

6 

29-4 

X 

I 


149 

69-6 

9 42 

6 

349 

I 

I 


102 

6 7'o 

3.3 

6 

29-8 

1 

I 


1 70 

71-0 

lo 13 

6 

S 5 'i 

I 

X 


103 

67-8 

s 57 

6 

,?o '4 

X 

I 


15 1 

73 ’0 

10 25 

6 

3 5 '5 

I 

I 


104 

72-0 

9 2,3 

6 

3 i*i 

1 

I 


152 

73 ‘5 

10 52 

6 

35 9 

X 

I 


105 

74-0 

9 44 

6 

3 1*0 

I 

I 


1.73 

80 ’0 

I S 3 PAf 

6 

3 ' 5'4 

I 

I 


10(5 

7 7' 3 

10 23 

6 

29*8 

X 

X 


154 

81 ‘.7 

1 47 

6 

3 7 'o 

I 

I 


107 

79-3 

10 56 

6 

29''^ 

X 

X 


15.7 

8[ -2 

2 14 

6 

37-6 

X 

I 


JoS 

8 r 3 

I 2 or.M. 

6 

,50’0 

I 

1 


ij6 

79-8 

2 50 

6 

37-8 

I 

I 


a 09 

8i'4 

I 44 

6 

3O'0 

I 

X 


1.77 

78-0 

3 

6 

37-9 

X 

I 


110 

8x’o 

2 15 

6 

29 '9 

I 

X 


158 

77-6 

3 40 

6 

38-5 

X 

I 


II X 

8 o ’3 

39 

6 

30'2 

1 

I 


1.79 

77 '5 

4 7 

6 

38'9 

X 

J 


.112 

79-3 

3 a 

6 

.30-5 

X 

I 


160 

_'/6'o 

4 17 

6 

395 

X 

I 


113 

78' r 

3 22 

6 

JO’S 

X 

J 

14 th „ 

161 

45 

6 33 A.M. 

6 

39'9 

I 

I 


114 

77;3 

3 45 

6 

3 o ‘5 

I 

I 


162 

49-0 

7 4 

6 

4°'.3 

X 

I 


I 15 

J&O 

4 6 

6 

. 3° '5 

r 

X 


163 

. 74 ‘o 

7 35 

6 

40-6 

I 

I 


1 1 6 

74 ' I 

4 34 

6 

3i'i 

r 

X 


164 

. 79 ’3 

8 I 

6 

41-1 

X 

X 

nth „ 

11 7 

437 

6 4^ A.M. 

6 

31 '0 

r 

.T 


165 

64-8 

8 34 

6 

4I‘6 

I 

I 


1 1 8 

47-0 

7 10 

6 

31-0 

r 

I 


166 

6yi 

8 .77 

6 

41-9 

X 

I 


119 

.n'l 

7 43 

6 

3 o ‘3 

I 

r 


167 

71-0 

9 \7 

6 

42-4 

I 

I 


120 

.'; 7 'o 

8 10 

6 

30'4 

r 

I 


j68 

73 •5 

9 44 

6 

42-9 

I 

X 


I 2 X 

63 ‘O 

8 43 

6 

29-9 

r 

X 


169 

75-8 

10 10 

6 

43 '4 

X 

1 


122 

67-3 

9 8 

6 

30-1 

r 

I 


170 

76*1 

10 38 

6 

437 

I 

I 


123 

7 IN 

9 31 

6 

29 '6 

I 

I 


1 71 

79*0 

11 4 

6 

437 

I 

X 


124 

7 . 3 'o 

9 53 

6 

3o'o 

r 

x 


172 

82-8 

I 31 P.M. 

6 

43-9 

I 

T i 


123 

73 ‘.3 

10 34 

6 

30-2 

X 

I 


173 

82-3 

I 57 

6 

44-2 

X 

X ; 


12(5 

74-5 

10 50 

6 

30-7 

I 

I 


174 

79-1 

2 24 

6 

447 

I 

I 


T27 

767 

I .34 P.M. 

6 

30-3 

I 

x 


175 

8o-i 

,2 46 

'6 

44-8 

X 

I 


128 

78-0 

I j8 

6 

3 o \3 

r 

X 


1 76 

8o*7 

3 15 

6 

45'0 

I 

I 


129 

77’8 

2 .30 

6 

29'8 

I 

I 


177 

8o'o 

3 38 

6 

45 '0 

I 

1 


130 

7 < 5'5 

# 

2 52 

6 

29‘6 

I 

I 


178 

79-0 

4 5 

6 

45 ‘I 

I 

I 



75'3 

3 23 

6 

30-0 

I 

I 


179 

76'o 

4 3<5 

6 

45 ‘5 

I 

X 


132 

74‘o 

3 5 ^ 

6 

30-2 

r 

I ‘ 

I5th „ 

180 

54 'o 

6 46 A.M. 

6 

45 '8 

1 

I 


December 14th. (161) Clouds in the East, 
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&iraeis from the Field (Continued.) 


When com- 
pared 


1837 




>s 

Izi 




<D 

I 


T! 

<D 


Mean time of S 


ending 




I 

■Sg 

■SP 

w 


Numeral 


arrange- 
ment of 




18th 


15 th Dec. i8i 

182 

183 

184 
18 < 

186 

187 
j88 
J89 

190 

191 

192 
^93 

19th 35 19^^ 

396 

^97 
198 

399 

200 

201 

202 

203 

204 
20^5 

206 

207 

208 

20th j, 209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 
22 < 
226 

21st „ 227 

228 


o 7 ^- 

38*0 7 30 AJI. 6 

76-0 9 58 6 

79*2 10 35 6 

8x'o II 5 6 

6 $6 6 

56*8 8 31 6 

<54*0 9 16 6 

^9’5 io 3 6 

72*5 10 45 6 

77 ’c> I ^3 3 ?.M. 6 

77*0 2 3j 6 

77 'o 3 18 6 

7 . 5 '^ 4 X 6 

73*0 4 35 6 

47 7 3j 6 

54*8 8 36 6 

<53*3 9 12 6 

67-3 9 43 6 

7i‘o 10 16 6 

74 'o 10 38 6 

76-0 ii 10 6 

75 '° I 35 P-M. 6 

1 S‘^ a 4 6 

7 < 5-2 231 6 

75 '3 a 5 ^ <5 

75 ‘o 3 a5 (J 

74 ’i 3 48 6 

73 'o 4 ao (5 

40-0 6 53 a.m. <5 

43‘3 7 20 6 

49-2 7 53 6 

53'4 8 i6 6 

57'8 8 43 6 

6i'a p 4 <5 

'^ 5 ’o 9 30 6 

66-5 9 50 6 

o8-6 10 15 (5 

70- 3 10 40 6 

71- 0 II 3 <5 

7 a'a I 3a P.M, 6 

7 a’i 3 13 <5 

73 -t a 45 (5 

73 *J: 3 la 6 

72*0 3 48 6 

< 5 ' 9'8 4 14 <5 

4 43 6 

SS’i 6 50 A.M. (5 

4 a '5 7 20 6 


feet, 
~ 4 ( 5 ‘a 
46-7 
47'2 
477 
48*1 
48-8 
48-<5 

48'3 

48’3 

48- 5 

48' 8 

49- 6 

50- 2 
5 o ‘4 

49'6 

497 

49'9 

5o'o 

50‘o 

50'a 

50‘4 

5 o ‘5 

507 

5 i'i 

5i'a 

5f3 

5i'5 

517 

5i’9 

52'a 

52- 3 

53- 6 
53-8 
5a'8 
53'i 
53 "4 
53 '4 
53'^ 
53'9 

53-9 

54'^ 

547 

55'2 

55'^ 

56-1 

K&O 

5^'4 

5<5‘4 
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I 

I 

I 

I 

I 
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I 
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I 

I 
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I 

I 
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I 
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I 
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I 

I 
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I 

I 

I 

I 

I 

I 

X 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 
X 
X 
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2 
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2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


^en com- 

4 ^ 

a> 
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00 

G 3 




-l-'l 


Mean time of 

' ' ' ' “ 

0 


ending 

1837 

ll 

0 







fnCi} 




I 

• 4 .:) 

ig-S 


'Si 


w 


pist Dec. 32 p 47°ij 

230 £ 2 ‘Z 


22nd 


>» 


23 rd 


25 th 


» 


231 

333 

^33 

234 

^35 

336 

237 

238 

239 

240 

241 

243 

243 

244 

H 5 

246 

247 

248 

249 

250 

251 

2?3 

253 

254 

255 

2 55 

257 

238 

^59 

260 

361 

363 

362 

364 
36 c 

365 
367 
2(58 
269 

370 

371 

372 

273 

374 
275 

375 


58-1 

53-3 

66-z 

68-1 

7i’o 

7i‘5 

727 

737 
73 ’3 
74'3 

73 - 1 
72'0 
71-4 
70’2 
37-0 
4a'8 
47'3 

527 

58’o 

547 
6 8 '3 
71-0 

7^*5 

74- 0 

74*8 

73 ’2 
71-8 
69-5 
35-0 
43-8 
49' 8 
59'o 
64-4 
68-0 
7 i '3 
75' 7 

77*0 

7<5-5 
76' I 
75' 2 
72'8 
507 
5i'-i 
55' J 

58-9 

657 


7 j. m . 

7 52 A.M. 

8 18 

8 48 

9 13 

9 41 
10 5 

10 32 
10 54 
1 25 P.M. 

1 49 
3 i8 

2 42 

3 9 

3 30 

4 <5 
4 38 

6 50 A.M. 

7 25 

7 49 

8 18 

8 49 

9 27 

9 55 
10 29 

1 54 P.M. 

2 34 

2 53 

3 28 

3 54 

4 21 

6 47 

7 3^5 

8 13 

9 XI 

9 43 
10 II 
10 43 

1 58 P.M. 

2 33 

3 2 
3 a8 

3 54 

4 20 

7 1 A.!!. 

7 36 

8 39 

9 9 


5 

6 

5 

6 
6 
6 
6 
6 
6 

5 

6 
6 

5 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


feet. 
- 5<5*4 
56-6 
56-8 

567 

575 

58-0 

58*2 

587 
58-5 
587 
59 '° 
59 ‘i 
59 ‘i 
59' 1 
58-9 
583 

58- 5 
58'6 
59' I 
.jp-p 

O1-4 
62*9 
64-4 
65 '4 
66-6 
66-9 
66'8 
66-4 
66-6 
66-6 

<55-7 

<547 

637 

< 5 i 7 

6o'4 

69-5 

59 - 0 
58 8 i 

587 
58-7 
587 
587 
5<5'7 
55 '9 
57'o 
580 
58*8 
59**5 


December 23rd. (569) Clouds in the East. 
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2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Micros : 


i Wlien com- 
pared 


a)ETAILS OF THE MEASUREMENT. 

'JEcctfCicts fvow, flip, Field JBooJc — (ContiniiGd*) 


Mean time of 
ondiiiH 


Kuimeral 
shewing 
arrange- 
ment of 


When coin' % 
pared 


1837-38 


Mea,n time of S 
ending ^ 


Ifumeral 
shewing 
armige- 
ment of 


25th Dec. 


322 

28tli fj 3^3 

3H 


10 8 
10 32 
10 55 


A.Jt. 6 

<5 

6 

P.M, 6 


282 

76-9 

1 

55 

283 

74'.3 

2 

20 

284 

757 

2 

41 

285 

72*0 

3 

13 

286 

72-4 

3 

,30 

287 

727 

3 

5.3 

288 

/ro 

4 

19 

289 

42-1 

6 

5 [ A.M. 

290 

46-3 

7 

17 

291 

50-6 

7 

46 

392 

55 '0 

8 

I 2 

393 

59'<5 

8 

45 

294 

65 '6 

9 

14 

295 

yo'o 

9 

43 


10 ro 

10 3 I 

10 36 


4 18 

6 4_i; A.ir. 


307 

43-4 

7 

13 

308 

47’-t 

7 

44 

309 

54'a 

8 

18 

.310 

6o'o 

8 

46 

31 1 

640 

9 

'4 

313 

68'3 

9 

38 

31.3 

7°'9 

10 

12 

SH 

73 'o 

10 

38 

315 

74'o 

11 

I 


28th Dec. 33 ^ 
3^5 


3rd Jan. 


7 i. m. 

7 55a.m'. 

8 26 

0 0 


10 24 


331 

76*0 

JO 

5 <J 

332 

80*0 

I 

58 P.M. 

333 

81*0 

2 

24 

334 

8ro 

2 

50 

335 

79-8 

3 

19 

336 

78-5 

3 

47 

337 

77 ’o 

4 

12 

338 

73’8 

4 

37 

339 

417 

6 

44 A.M. 

340 

44-0 

A» 

/ 

12 

341 

49'5 

7 

41 

342 

55'3 

8 

7 

343 

< 5 i '3 

8 

30 

344 

66'3 

8 

54 

345 

‘/0’2 

9 

22 

3415 

13' 3 

9 

49 

347 

75'2 

10 

19 

.348 

75'5 

iO 

45 

349 

8 o '0 

r 

30 P.M. 

350 

80-3 

2 

3 

35 ^ 

8 o’o 

2 

30 

352 

79‘3 

2 

50 

353 

77 'i 

3 

46 

3.54 

74-8 

4 

29 

355 

48'5 

6 

34 A.M. 

35 <5 

52'8 

7 

22 

357 

57 '^ 

7 

53 

358 

6i'i 

8 

1(5 

359 

65'3 

8 

4,5 

360 

d8'8 

9 

9 

361 

7 i'o 

9 

38 

362 

73-5 

lo 

0 

353 

75'4 

10 

30 

364 

769 

II 

4 

3*55 

797 

I 

38 P.M. 

366 

798 

2 

' 6 

3 <57 

797 

2 

35 

368 

793 

3 

13 

3^9 

76‘o 

2 

20 

370 

7 * 5 ’3 

2 

5 ^ 

371 

75 '9 

3 

12 

372 

75 ’0 

3 

45 



in, 


SIEONJ BASE-LINE 


Extrads from the Field Boole — (Continued.) 


Wlien com- ^ 
pared ^ 


Mean time of S 
ending 


]N"umeral 

dieting 

com- 

armiige- 
menti oi ^ 


Mean time of 
ending 


Numenil 
shewing 
ar range - 
jnent of 


3rd Jan. 



0 

A. 

m. 

373 

73-9 

4 

13 P.M. 

374 

71-2 

4 

42 

37.5 

40'2 

6 

57 A.M. 

37<5 

43 '0 

1 

24 

377 

47\5 

7 

52 

378 

.53 '0 

8 

J9 

3 79 

.589 

8 

4.5 

380 

^4*0 

9 

9 

381 

69*2 

9 

40 

382 

72-0 

10 

10 


Cth Jan. 42 1 
422 


10 3 a 


390 

77-2 

4 

12 

39^ 

74'3 

4 

43 

392 

S9-.5 

6 

34 A.M. 

393 

43 ’.5 

/ 

34 

394 

5o'o 

7 

.5^ 

39,5 

.5 .5’ 2 

8 

2.5 

39'5 

6i'2 

8 

.5^ 

.397 

67-0 

9 

31 

398 

7 <3 ‘3 

9 

.57 

399 

7 .3 -6 

TO 

30 

400 

77‘3 

10 

.5° 

401 

79'3 

I 

48 r.M. 

402 

79-4 

2 

16 

403 

8o-2 

2 

41 

404 

0 

b 

CQ 

3 

4 

4°.5 

797 

3 

32 

406 

79-3 

3 

.53 

407. 

77‘3 

4 

1.5 

408 

75-.5 

4 

38 

409 

.39-3 

6 

.5.5 

410 

44'.5 

7 

^5 

411 

.5o\3 

7 

.56 

412 

.5<5 -x 

8 

20 

413 

61-7 

8 

49 

414 

66'3 

9 

17 

41,5 

71-2 

9 47 

416 

737 

10 

TO 

417 

7.5'3 

10 36 

418 

76-8 

10 

39 

419 

8ri 

I 

32 P.M. 

420 

82’0 

I 

58 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 


3 35 r.M. 


3 19 

3 42 

4 II 

4 36 

5 4 

6 49 a.m. 

7 3.5 

8 6 

8 28 
B .54 

9 24 
9 4B 

lo 8 
lo 31 
^0 .54 

1 45 P.M. 

2 9 

2 40 

3 3 
3 28 

3 50 

4 16 
4 44 

6 56 A.M. 

7 21 

7 .58 

8 33 

8 48 

9 9 
9 38 

10 o 


10 52 


8 o ‘5 

a 21 p.M. 

8ro 

2 52 

80-3 

3 24 

79-8 

3 4^ 

78 -2 

4 12 

76'o 

4 51 

72 '6 

4 55 

36-5 

6 54 A.M. 

40 ‘3 

7 19 

45-8 

7 48 

5 o '8 

8 12 

SS-o 

8 36 

59'2 

S 56 


DETAILS OF THE MEASUREMENT. 


■Extracts from the Field Boole — (Continued.) 








rc 

04 
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Ninneral 







0 

P' 

Fumerai 

When com 





0 

si lowing 

When coin- 

* "jjj 




CD 

WJ 

0 

•"S 

shewing 

pared 

U1 

2 

’■M 

0 

0 

'0 

Moan time of 

j 3 

f/l 

- 4 *^ 

OJ rj 

W -H 

arrange- 
ment of 

|>arocl 

W 

Oi 

0 

P 

r*i 

Mean time of 

p 

W 3 

S 

"oj p 

arrange- 
ment of 

1838 

O 

d 

s 

P 4 

§ 

H 

ending 

0 

0 

H 

Wi 

rt 

PCl 

s 

n 

1838 

0 

d 

^4 

■C 

p 

5 I» 

P 4 

§ 

H 

( 

nidmg 

1 +-* 

"o 

0 0 

m 

'S 

w 

m 

u 

Qi 

w 

m 

0 

0 

• 1— t 

75 

lOth Jan. 


0 

h. 

m. 


fed. 





n 

//. 

m.. 


feet. 



469 

<5.3 '5 

9 

2 3 A.M. 

6 • 

-56-8 

X 

2 

12 tL Jaa. 

5^7 

78-7 

X 

32 P.M'. 

6 

— 47-7 

I 

2 


470 

6yo 

9 

41 

6 

.?^'4 

I 

2 


518 

8ro 

I 

5.3 

6 

47 '5 

I 

2 


471 

6j-6 

JO 

.3 

6 

. 3 < 5‘4 

I 

2 


519 

83-0 

2 

L 5 

. 3.3 

6 

47-3 

I 

2 


472 

70’2 

.10 

37 

6 

55 '^ 

I 

2 


530 

83-9 

2 

6 

47 -.3 

I 

2 


475 

7 fa 

10 

5 1 

6 

55 '3 

1 

2 


53 X 

82.-3 

2 

54 

6 

47-3 

I 

2 


47 4 

77-5 

j 

5.3 1’-M'- 

6 

54‘.3 

X 

2 


522 

8o-2 

3 

14 

6 

47-6 

I 

2 


475 

j8-2 

2 

1 7 

6 

53-2 

T 

2 


52,3 

8043 

,3 

.38 

6 

47-7 

I 

2 


476 

78'8 

2 

44 

6 

52‘5 

I 

2 


524 

79-1 

3 

57 

<5 

47-4 

I 

2 


477 

78’8 

ft 

8 

6 

5^'3 

I 

2 


5 ^!i 

77'5 

4 

'9 

6 

47 6 

I 

2 


478 

78-0 

.3 

34 

6 

52-2 

:i 

2 


526 

76-0 

4 

.39 

6 

47 '3 

I 

2 


479 

480 

77 '.'; 

74'4 

3 

4 

20 

6 

6 

52-7 

53'2 

I 

1 

•2 

2 

IStli „ 

5'^7 

J38 

7 . 3 - 6 ' 

38-.3 

5 

6 

0 

■j ') A,M. 

6 

6 

47-5 

47 '6 

I 

I 

2 

2 


481 

73'0 

4 

40 

6 

52'7 

I 

2 

529 

40-6 

7 

18 

6 

47'7 

I 

2 


4S2 

yO'O 

5 

4 

6 

5 '’9 

I 

2 


5,30 

45'2 

7 

4,3 

6 

48-3 

I 

2 

l l th „ 

483 

37'7 

6 

52 A.M. 

6 

53-0 

I 

2 


.531 

50’! 

8 

4 

6 

48-7 

1 

2 


484 

40' .3 

7 

1.3 

6 

51-8 

I 

2 


5,3 a 

55 ' I 

8 

27 

6 

49-5 

1 

2 


485 

4 . 3 '2 

7 

39 

6 

51-6 

X 

2 


5.33 

6o'2 

8 

49 

6 

49-7 

I 

2 


486 

49 ' 6 

8 

0 

6 

5^'7 

I 

2 


5.34 

64-3 

9 


6 

49 '5 

I 

2 


487 

54’8 

■ 8 

2.3 

6 

52-3 

I 

2 


5.35 

68-3 

9 

.35 

6 

4S7 

I 

2 


48 s 

39-4 

8 

47 

6 

52‘6 

I 

2 


5.3 <5 

73-0 

9 

58 

6 

47 '3 

I 

2 


489 

64-0 

9 

9 

6 

5 '’9 

I 

2 


5.37 

74' 5 

10 

19 

6 

46-5 

I 

2 


490 

68-3 

9 

3 ^ 

6 

5 o ‘9 

I 

2 


5.38 

76-7 

10 

.39 

6 

46-0 

I 

' 2 


491 

7 I'O 

JO 

0 

6 

5 o '5 

I 

2 


5.39 

79 'o 

II 

0 

6 

45 '2 

I 

2 


492 

72-0 

10 

18 

6 

5°'8 

X 

2 


540 

8ro 

3 

7 r,M. 

6 

44'6 

I 

2 


493 

74-0 

10 

44 

6 

5 i ‘4 

I 

2 


54 ^ 

Sry 

2 

Si 

6 

44-1 

I 

2 


494 

7 . 3‘.3 

II 

3 

6 

51-7 

I 

2 


54 ^- 

83 -I 

2 

56 

6 

4.3 '6 

I 

2 


495 

/S'a 

I 

.30 P.M, 

6 

.U'' 

I 

2 


543 

8 J '.3 

.3 

16 

6 

43 '2 

I 

2 


49^ 

8o'o 

2 

.3 

6 

50‘7 

I 



544 

8o’o 

A 

38 

6 

4 , 3 '° 

X 

2 


497 

8o'6 

2 

27 

6 

5°’4 

I 

2 


5+5 

79 '° 

4 

3 

6 

42 '3 


2 


498 

8o‘o 

2 

48 

6 

5 o' 8 

j 

2 


54<5 

77'8 

4 

24 

6 

41-7 

I 

2 


4.99 

8o’o 

.0 

9 

6 

50' 8 

I 

2 


.')47 

76-0 

4 

48 

6 

41 '5 

X 

2 


500 

79 'S> 

.3 

. 3 r 

6 

50'4 

I 

2 

Hitli. „ 

548 

39‘6 

7 

I A.M, 

6 

41-1 

I 

2 


501 

77-3 

ft 

v) 

38 

6 

49'9 

X 

2 

549 

4 1 -.3 

/ 

25 

6 

40-6 

1 I 

2 


502 

7&2 

4 

f/ 

6 

49'5 

I 

2 


550 

46-0 

7 

52 

6 

40-7 

X 

2 


503 

7 . 3-2 

4 

4 J' 

6 

49'5 

1 

2 


551 

5 1 -.3 

8 

16 

6 

40-7 

I 

2 

12tli „ 

504 

70-3 

$ 

3 

6 

49‘7 

1 

2 


55 ^ 

.38-1 

8 

43 

6 

40-8 

I 

2 


37 ’’ 

6 

56 A.M. 

6 

49'5 

I 

2 


553 

63 -.3 

9 

,3 

6 

41 -0 

X 

2 


S06 

41-1 

1 

2.3 

6 

49 '2 

I 

2 


554 

68-0 

9 

28 

6 

41-5 

X 

(A 


507 

47-0 

7 

.30 

6 

48-9 

I 

2 


555 

71-0 

9 

5 ° 

6 

41-1 

I 

r> 


508 

^ Ot 

8 

20 

6 

48-7 

I 

2 


55 ^ 

/ 4 6 

10 

1,3 

6 

41-6 

X 

2 


509 

58-8 

8 

46 

6 

48’3 

I 



557 

77 '° 

10 

9 9 

o-y 

6 

41-9 

X 

2 


510 

6.3-0 

9 

U 

6 

48-0 

I 

2 


558 

79'4 

II 

5 ) 

6 

42-2 

I 

2 


511 

66*4 

9 

26 

6 

47'5 

I 

2 


659 

8 . 3 '7 

I 

21 F.M. 

6 

42-7 

X 

2 



69-3 

9 

4.3 

6 

47'3 

j 

2 


S60 

8.3 '.3 

I 

55 

6 

42-9 

I 

2 


5^3 

71-3 

10 

.3 

6 

46-9 

I 

2 


J 6 i 

84-3 

3 

3 t 

6 

43 -0 

I 

2 


514 

73-6 

JO 

24 

6 

47-1 

J 

2 


562 

84-0 

3 

55 

6 

42-4 

I 

2 


5‘5 

74-7 

10 

47 

6 

47*3 

I 

2 


5^3 

83-3 

.3 

20 

6 

41-8 

I 

2 



76-8 

IX 

8 

6 

47'5 

X 

[ ^ 


5^4 

8x'o 

3 

4 X 

6 

41*5 

I 

i ^ 



SmONJ BASE-LINE 


JExtrads from the Field Bool — (Gontiaued.) 


When com- 
pared 


g Mean time of S 


15 th Jan. 56 ^ 

0 

80-5 

A m. 

4 8 P.M. 

6 

566 

8 o'o 

4 31 

5 


74-0 

4 59 

6 

16 th „ 568 

42-7 

6 ? r A.M. 

6 

S ^9 


7 io 

6 

S7o 

47-0 

7 39 

6 

571 

S^'3 

8 3 

6 

S7^ 

58-0 

8 25 

5 

S73 

<54-0 

8 52 

6 

574 

68-2 

9 13 

6 

57.5 

7x'o 

9 38 

6 

57<5 

73-8 

10 0 

6 

577 

77\3 

JO JX 

6 

S7S 

79-0 

10 54 

6 

579 

82-2 

II 24 

6 

580 

86-8 

2 41 P.M. 

6 

581 

86'o 

3 4 

6 

582 

85 ‘0 

3 3a 

6 


4 .50 

6 55 A.M. 

7 20 
1 46 


Humeral 
shewing 
arrange- 
ment of 


■When com- 

■sp 

<D 

<4 

pared 


"S 

0 


:3 


■ ^ 

t+4 '■ 

si 



0 

1838 


<D 



B 


Mean time of 
ending 




0 

?ra. 


feet . 

2 

I7th Jan. 589 

55'o 

8 8 A.M. 

5 

- 40 '3 

2 

590 

6 o ‘2 

8 3 r 

6 

40*6 

2 

591 

65-1 

8 55 

6 

39'8 

2 

593 

68'2 

9 20 

6 

39 '9 

2 

593 

71-2 

9 45 

6 

39-9 

2 

594 

74-2 

JO 9 

6 

40*0 

a 

595 

,^ 6*2 

10 35 

6 

39’9 

2 

59^5 

78-0 

10 58 

6 

38-8 

2 

597 

82 '0 

I 13 P.M. 

6 

'6T^ 

2 

598 

82-1 

1 34 

6 

37'5 

2 

599 

82-4 

1 55 

6 

36-8 

2 

600 

82 T 

2 15 

6 

35-4 

2 

601 

82-0 

2 33 

6 

35’9 

2 

do 2 

8 r 6 

2 50 

6 

35'9 

2 

603 

8 1 -.3 

3 9 

6 

35‘2 

2 

604 

Si’o 

3 25 

6 

35’2 

2 

605 

So’o 

3 4.5 

6 

34'5 

2 

6oi5 

7 p -3 

4 0 

6 

34’3 

2 

607 

78 - 0 ' 

4 20 

6- 

34'Jf 

2 

(5o8 

76-6 

4 35 

6 

34'4 

2 

609 

73-5 

5 0 

6 

.339 

2 

2 

1 8th „ 

64-0 

9 -;a.m. 

4 

31-8 

2 



Total 

— 25500-8 


Numeral 
shewing 
arrange- 
ment of 


The advanced-eiKl of set No. GOO, fell in defect, (i. <?. south) of the dot at North-£ast-Ead, 5-3567 
feet, as measured on Cary's brass scale with a beam compass. 

Height of set No. 609i North-East-End = 3-1 feet. 



SIEONJ BASE-LmE 


Reduction to Mean Sea level. 


In the notation of paffo T wo kayo 

X = 38416; Log i2 = 7*31987 ; E= 1529 ; 
all in feet; and n = 609. 


Hence from the equation 
I— , we obtain in feet, 


E E 


aSjoo'g ; a = io*6; U- - i6*5, 


"f "f ~ ^ S/i 1 , see page 


q 2*8122; (^2 = 4- 0*0951; and + 6; = - 2*7171. 


Pinal length of the base-line in feet of Standard A> 


Measured with the compensated bars, 


page III. 


„ microscopes, page III_ 


beam 


compass. 


page III- 


Rcduction to sea level as above 


Length South-West-End to North-East-End at mean sea level 


3^581-5598 

1839-3317 

5 ’ 35^7 

— 3*7171 

384 i 3 ' 53 n 

4*58448423 


tiiy, c£oKI5v2eMit^a* S' £?£?£ Sfk if this lengfcli. Eoforrag to this quan- 

‘siq)lie(ltotluHiT,eaHunuTic.,t,isiluotothecte^^^^^^ aimll come ion of o-oo,^ of a foot which is 

« marks of tl.« pint, form in their existing positio^ wS S er ma t ot snl 

« sliowed small diserepancios, and it was f'ound to IotoIvo lorn eonZSl^T ^ lower ones embedded m the earth, 

‘Hhan to (mn^eetUio Ingles ahout tho bi^^^^^^ computation to reduce tlio measm-ed base to the positions used in 1836-3? 

M Uio omission was not rccollcctod until a consideraMo amount of calculations based on the length hero adopted had been completed ; 

it was consubrodunnecossaiy to incur the numerous arithmetical alterations involved, cspeciaHy sinco the correction is only -~or o*i 

millionth part rf tho basc^^ The longtli of the baso-lino is therefore accepted at tho value given above. 

down by Cantaiu IfivereEt teisar, wi,m Su fff ?“l.. (of 1837) are practically identical with those laid 


defect of the linal value above doducod 




SIEONJ BASE-LINE 



Description of Stations. 


SOUTH-WEST-END OF SIRONJ BASE, Lai 24“ 5', Long. 77“ 48', is situated on 
the lands of the village of Parsora, in pargana Sironj of the territories of the Nawab of Tonk. 
The circumjacent villages, with their distances and bearings, are as follows : — Parsora, 1*1 
miles B. ; Rasali, 3’5 miles N.N.W,; Eklaod and Kacbpura, 3*0 miles N.E. ; Bania Dhana and 
Ekodia, 1*3 miles S.E. 


The station is marked by a prismatic stone, having a circle and dot engraved on the upper surface, sunk 
endvise to a level with the surface of the ground. Over this stands a pillar of masonry 2 feet high, and 4 feet in 
diameter, having a mark-stone in its upper surface with the usual circle and dot engraved on it adjusted normally over 
the lower mark. The whole is enclosed by a square pile of earth. The lowest dot is the one that was used in the 
measurement of this base-line. 


The South-West-End was connected in 1861, b 7 a double line of spirit levels, with the 
mean sea level at Karachi, when it was found that the height of the upper markstone was 
1531‘36 feet above this datum. 


NORTH-EAST-END OF STRONJ BASE, Lai 24“ 9', Long. 77“ 53', stands on the 
lands of the village of Riijpur, in pargana Sironj of the tci’ritories of the Nawab of Tonk. 
The circuinjacent villages, with their distances and bearings, are,— R ijpilr, 0*7 miles E.; Tal 
Barodia, 1*5 miles N.E.; Thanarpur Bincliakeri, 1'2 miles E.S.E.; and iSialpur, 1*7 miles S. 


The station is marked precisely after tho method adopted for the South-West-End Station. 


J. B. N. HENNESSEY. 



BIDER BASE-LINE. 



BIDER BASE-LINE 


IV_ 

' a 


The middle point of the base-line is in Latitnde iN”. 17“ 56' Long'itnde E. 77“ 37' 
Azimuth of Bast-End at West-End 305“ 51'. Length 7‘87 miles. 

The measurement 'was effected under the directions of Lieutenant A. S. Waugh, R.E., 
with the aid of the following Officers and Assistants. 

Lieutenant T. Renny, R.E. 

„ W. S. Jacob, R.E. 

Mr. G. Logan. 

„ J. Olliver. 

„ T. Olliver. 

„ G. Terry. 

„ N. Parsick. 

„ J. Rossenrode. 

„ — DaCosta. 

Mir Sind Mohsin. 



BIDER BASE-LINE 


IV. 


3 


INTRODUCTION. 


This base-line was measured in the valley of the Manjra River near the town and 
fortress of Bider, from which the West-End is distant about 2 miles to the North. The line 
was selected and prepared for measurement by Lieutenant A. S. Waugh, R.E., who in the first 
instance endeavoured to search out the extremities of the base-line measured with a chain in 
this vicinity by Colonel Lambton in the year 1815 ; but as no traces of the old line could b© 
discovered, the intention of including it in the new line and determining its length with the 
compensated apparatus was necessarily relinquished. 

The measurement was commenced at the West-End, bar-tongues pointing North, and 
carried on continuously to the East-End, so that every succeeding set originated at the point 
marking the terminus of its predecessor. The line was divided into 3 sections by the subdi- 
viding points A and B, to admit of verification by Minor Triangulation. 

Fifty-seven comparisons were made between the compensated bars and the standard A 
before the measurement was commenced and as many more after it was completed. On the first 
occasion the site selected was very near the West-End of the base, the comparing piers of 
granite were set up parallel to the line, and the bar-tongues pointed Norths as they did during 
measurement. The spot chosen for the after comparisons was in the low-grounds bordering the 
little streamlet near the village of Malgi; the piers were setup as hdoiQ paralUlio the line, but 
in order to obtain a more favorable light the ends of the bars were reversed so that their tongues 
now pointed South. 

Of the two comparing microscopes employed in the preceding bar comparisons, one was 
fitted with a micrometer while the other had its wires \or lines) fixed. 

The compensated microscopes were compared with their scales on 7 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

In respect to time, the first set of bar comparisons was made on the 12th October 1841, 
the last on the 8th of the following December. 

The stations of the verificatory triangulation were 7 in number, forming a single series 
of triangles. Of these stations 4 were in the alignment, viz., W. End, A, B and E. End ; while 
the auxiliary stations a, and y were selected on suitable prominences south of the line. The 
angles were observed with Troughton’s 3-foot theodolite, the mean being^derived from 24 mea- 
sures taken in equal numbers at 8 equidistant zeros. 



BIDER BASE-LINE. 


Conzparisons letween the Standard Bar A and the Compensated Bars A; B; Hj made at 

Bapur, or Wesi-Bnd of the base-line, before the measurement. 


M ICBOMETBB EBA3>I2fG(-S IK DiTlSIOKS 
■ 1 division = — ^ - Cary’s Inch [ 7 . 8 ]= 1*3833 m.y of A 


E H 


B B ]MC A E k: s , 


A. 7 n. 

12tli 7 ^6 A.M. 

8 12 

8 44 ■ 

9 1 + 

9 4 ^ 

10 8 

10 35 

11 s 

1 40 P.H. 

2 7 

2 34 

3 a 


13 th. 631 
1 o 
7 ^7 

7 53 

8 r 6 

8 41 

9 4 

9 a 6 

9 50 
10 15 
10 38 
J 24 

1 36 

2 23 
a 48 

3 13 

3 37 

4 4 

4 33 

5 3 


1 /'5‘9 

2 78-7 

3 8o-8 

4 82-4 

5 84-3 

6 85-5 

7 86-2 

8 87'i 

9 8p-i 

10 8p‘o 

11 8p‘i 

12 88 ‘p 

13 88-6 

14 87*8 

15 86'9 

16 8^'8 

17 84-3 


AM. 18 70-2 

19 7 a '8 

20 7 j'i 

21 76’4 

22 77'5 

23 78-6 

24 79'8 

33 8 1 '4 
ad 82'9 
27 83-4 
38 84'8 

P.M. 29 87*5 

30 87-0 

31 86 d 

32 86-3 

.33 85-9 

34 85-8 

35 85 8 

36 85-5 

37 84-2 


+ 

ii8-o 

145 '5 
177-5 
210-0 
239-0 
264-7 
289-7 
312-7 

384'3 

389-8 

394‘5 

398-0 

397'5 

394'5 

39°'9 

383-9 

37 i'i 

58-8 

72*0 

83-0 

97'7 

iii-d 

128-0 

i 45 ’i 

163-4 

185-d 

207-6 

227-1 

333’4 

340 - 1 

341 - 2 
34 I -0 

340-2 
338*8 
3.0 V 

33 ^' 2 r 

326*2 


+ 

ir 9'2 
II 6*9 

116*0 

113*2 

JII *2 

1077 

107*3 

io 6*8 

JOjI’O 

102*8 

104*1 

104*3 

102*8 

102*2 

101*9 

106*9 

103*7 


-f- 

4- 

H" 

4 - 


100*9 

118-3 

136-4 

110*6 

106*1 

96-4 

115-8 

134-6 

112*9 

102*6 

9^'3 

ii 4‘3 

134-8 

114*1 

102*9 

937 

117-0 

136-9 

113*8 

io 4 *r 

92*1 

1 1 4-0 

134-9 

113*4 

I02'2 

89*1 

ii 3'4 

133-3 

113*4 

lOI ’O 

89*2 

II 0-9 

132-1 

111*9 

100*0 

897 

iio-p 

131-0 

IT2-I 

97 ’9 

prS 

ii 5'4 

128-8 

104*6 

93 V 

89-0 

114-1 

128-3 

io6*3 

93*1 

90-4 

114-9 

13 1-9 

104*7 

91*7 

91-9 

117-5 

128-4 

101*6 

89*0 

89-6 

iid-2 

129-3 

100*1 

88*0 

89-0 

114-9 

129-3 

99-9 

87-3 

88-6 

ii6-8 

130-0 

lOI*I 

89-0 

91-1 

117-8 

1 2 7- 1 

96-9 

87-0 

92-7 

116-9 

128-3 

98-9 

87-0 

65-3 

86-6 

99-4 

66-1 

64-9 

63-3 

90-8 

97-8 

69-0 

64-2 

577 

85-0 

96-6 

65-1 


587 

83-1 

96-8 

66-9 

6 1-8 

56-0 

80-4 

95-.3 

67-1 

5 1 -6 

5 i ’3 

82-1 

92*8 

64-0 

60*1 

51-6 

74-9 

pri 

65-0 

59-1 

49-0 

74-1 

pi-Q 

63-0 

38-2 

30-2 

74-0 

91*8 

67-1 

57 'i 

30-2 

70-6 

93*2 

63-0 

55-8 

47-0 

69-2 

90*0 

62-3 

55 'i 

66*4 

94-4 

III'O 

83-1 

70-8 

68*1 

91-2 

109*7 

So'o 

69-1 


96-0 

io8*i 

79-0 

68-0 

68*1 

89-8 

110*5 

78-8 

55-7 

64*0 

95-6 

107*9 

80-6 

66-0 

70*2 

94-8 

109*0 

777 

66-0 

717 

96-3 

110*1 

7*5-7 

68-0 

69*1 

95*4 

io6'8 

727 

67-0 

71*0 

91-2 

1077 

77 'o 

65-8 


+ 

113*2 
1 13*1 
1 13*1 
1 11*3 
109*7 
108*6 
108*1 
io6’6 
105*6 
10 ( 5-3 

io 5'5 
io 4’3 
103 -8 
104-6 
104-5 
104-4 

75-2 

77*4 

74'5 

74-5 

73-1 

70-6 

68-7 

^ 7 'S 

67-7 
6 ( 5-9 
. ' 54-3 

837 

83*2 

84-1 

82*2 

82*1 


Sky clear, ■vfitli 
a few* cirri licro 
and tlicro. 


Lt. 'W'atip^li, at 
tlio micTon letter 
inicroscojio j Lt. 
lEonny iiti tlio 
plain micrc- 
Boope, 


Afternoon warm, 
strong gusts of 
wind ’ occaBion- 
ally ; a few 
clouda. 


A few clouds to- 
wards the E. & 8. 
]iarizon, tin!* rest 
of thi) sky clear. 

Sky overcast 
witix clouds. 



BAR COMPARISONS 


Before the measurement — (Continued) 


Miceombibb Beabikcis in Divibions 

I Diviuion = Cwy Indi [ 7 J] vm^ m,y tif A 


3 0 

04 O 


lilUiltEt. 


B C B 


t) 

Q >'■{ % 

^ -'U 

u 


h, m. 

Uth 6 a; A.M. 
6 ^2 
) i8 

7 4 a 

8 4 

8 27 

851 

9 15 

9 41 

10 8 
10 34 

I 25 P.M. 

1 47 

2 8 


38 71*5 70-97 

39 73’o 7ri7 

40 74’9 7r6o 

41 77 ‘i 72*27 
4a 79 ‘i 73 'i 5 

43 8o*4 74*25 

44 81*5 75*52 

45 82*8 76'9o 

46 83*8 78'27 

47 85*1 79-67 

48 86*2 81*07 

49 88‘6 87*22 

50 87*8 87*47 

51 87*2 87*57 

52 86*9 87*55 

53 86*7 87*45 

54 86*3 87*32 

55 85*7 87*07 

56 84*8 86*70 

57 83*8 86*20 


Means 80*65 


+ 

* 4 “ 

+ 

4. 

4 * 

4 * 


67*6 

55‘2 

39 ‘o 


77*1 

43*1 

4 :r 9 

7 o '5 

56*1 

39*2 

58-1 

77‘4 

43-0 

42*6 

78*4 

52*8 

34 *r 

60*3 

75 ‘o 

45*0 

41*5 

90*0 

53-8 

34 ’o 

54*4 

72*3 

46*0 

4 i ’3 

104*6 

53'3 

33-5 

59-9 

76*1 

44*6 

40*8 

122*8 

48*7 

34*8 

53’7 

76*7 

44*8 

40*1 

I 43‘4 

5 i ‘5 

32*8 

59 ' I 

75 ‘» 

44*8 

41*8 

163*8 

47*0 

32*0 

53-8 

73 '3 

46*1 

38*8 

183*4 

46*6 

29'3 

51'^ 

70*2 

4,6*5 

j.-rB 

205*1 

49*0 

27*2 

51*6 

7 o ’4 

45‘3 

37 ‘o 

228*4 

46*8 

29*2 


72*1 

4*2*8 


318*6 

41*2 

33 ‘i 

54-1 

73*0 

47*2 

32*1 

3 a 3'5 

47*1 

3 IT 

55 ‘a 

74*6 

47*8 

t >4 / 

323-3 

46*6 

34-8 

58*0 

74*8 

47*1 

.147 

3 i 9'9 

47‘3 

37-0 

61*2 

72*7 

44 5 

17 '3 

318*6 

49*2 

36*0 

5«’3 

74*7 

45*0 

.17-3 

317.2 

47*8 

37*6 

38*0 

74 ’ I 

43*0 

341 

3^*3 

45-5 

37*6 

58*8 

75*9 

41*7 

3.40 

302*9 

47*0 

35 'a 

60*2 

74*1 

40*r 

30*8 

292*4 

46*0 

30-7 

597 

72*7 

3 ^^-4 

27*2 

246*80 

7^-84 

60*69 

^ 4’35 

ioo*6a 

72*4,1 

63*84 



Btfdfi i?ie MeasWBMent^^lCouiimiQ^.) 

■ Let tlie mean length of the compensated bars minus the Standard A at 6'^® F. be denoted 
by X, and the observed excess of the compensated bars by S when the temperature of A is f. 
Then, the expansion of A for 1 * being — dEJ, we have 

Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results : — 

a- 7-97 cEa-dEJ+ 37 = o 


a }- 9-55 

)> 

+ 3 ^‘S = 0 

x — iiS ^ 

}) 

H- 64-5 = 0 

^-1375 

» 

4- 95'9 = 0 

a?-i 5-47 


4-1377 = 0 

af~i 7 'i 3 


+ 155*0 = 0 

1875 


4- i8i*i = 0 

a?— ^3077 

}) 

+ 304-6 = 0 

^-" 25 ' 3 d 

9 ) 

+ 377-7 = 0 

25*83 

» 

+ 384-3 = 0 

^—2677 


+ 288-3 = 0 

ar— 26*32 

JJ 

+ 392-5 = 0 

^-26*55 

JJ 

+ 393-3 = 0 

4 ?— 26*60 

yj 

+ 390-8 = 0 

d?— 26*35 

y ) 

+ 386-3 = 0 


yy 

+ 379*4 = 0 

'*" 25*35 

yy 

+ 366*7 == 0 

X — 7*63 

yy 

- 7*4 = 0 

775 

yy 

- 5*4 = 0 

x— 8*40 

yy 

+ 8*5 = 0 

X— 9*33 

yy 

+ 33*2 = 0 

a?— 10*10 

yy 

+ 5^'5 = 0 

a?— 11*15 

yy 

+ 57*4 = 0 

a?— 13*30 

yy 

+ 75*4 = 0 

^-13-30 

yy 

+ 95'9 = 0 

a?— 14*60 

yy 

+ 117*9 ~ 0 

«— 16*07 

yy 

+ 140*7 ;= 0 

a?— 17*40 

yy 

+ 163*8 = 0 

33*65 

yy 

+ 2497 = 0 


a? -34*07 (' E ^ 

— <^^aj + 256*9 = 0 

a?— 34*27 

yy 

+257*1 = 0 

4? -34*35 

yy 

+258*8 = 0 

4? - 24*35 

yy 

+ 358*1 £= 0 

a?— 24*30 

yy 

+ 256-3 =r 0 

A?— 24*17 

yy 

+ 353*8 := 0 

a?— 34*03 

yy 

+ 250-4 == 0 

a-— 23-83 

yy 

+ 244-3 s= 0 

a — 8*97 

yy 

+ 14-6 s= 0 

X — 9*17 

yy 

+ 17-8 = 0 

X— 9-60 

yy 

+ 26-9 = 0 

a?— 10*27 

yy 

+ 39-7 = 0 

a?— 11*15 

yy 

+ 53-7 = 0 

a?-l2*25 

yy 

+ 73*0 = 0 

a?- 13-53 

yy 

+ 92*5 e= 0 

a?— 14*90 

yy 

+ 115-3 - 0 

a?— 16*37 

yy 

+ 1367 = 0 

a?— 17*67 

yy 

+ 158-3 = 0 

a?— 19-07 

yy 

+ 181-6 — 0 

a?- 35*22 

yy 

+ 271*8 == 0 

a?- 35*47 

yy 

+275*1 = 0 

a?- 25*57 

yy 

+ 273*8 = 0 

cr- 35-55 

yy 

+269*9 = 0 

or- 35-45 

yy 

+268*5 == 0 

a:- 35*3 2 

yy 

+267*9 = 0 

<»— 25*07 

yy 

+ 262*2 =: 0 

®— 24*70 

yy 

+ 355*0 = 0 

»— 34*30 

yy 

+ 246*9 = 0 



BAR COMPARISONS. 


. 7 

Before the measure]nent^{(joniimQ^.) 

And from the mean of these results, 

d 

a: = - 170-51 + 18-65 {JE^ - dH^) : 
adopting the original value of the expansion of A given at page ( 9 ), 

d 

= aa-67 = 16-388, 

d 

and X = 135-13 — 18-65 dE^ = 186-93 — dE^ = h A. 

where L denotes the mean length of the compensated bars obtained from ff/Ztbe comparisons, 

d 

as represented by the mean micrometer reading page lY ^ 

Comparing this reading with the me.an reading of each compensated bar given on the 
same page we obtain the following : — 

I In terms of I A~L B-L C-L D — L B-L H-L 


Micrometer divisions ■~0‘45 -*'15-60 +• 8-o6 +24-33 — 3‘S8 —13-45 

Millionths of a yard. — o-6a —^1*58 +11-15 +33'd6 — 5'37 —17-33 


Also combining the values in this table with the equivalent of L- A above determined, 
there result, 

d 

A — A = 134-68 — iZ ‘ 6 $ dB ^- 186-31 -• 18-65 dE ^ 

B- A = 119-53- =165-35- » 

C — A = 143-19 — „ = 198-08 - j, 

D - A = 159-46 - „ = aao-59 - „ 

E - A = 131-35 - „ = 181-56 - „ 

H— A = 133-68 - „ = 169-71 - j, 

and 6 a; = 1131*6 — iri '9 dJJ,. 






BIDER BASE-LINE 


Cmparisons Utween the standard Bar A and the Compensated Bars k, C, B, E, Hj made 

near the village of Malgi, after the measurement. 


< < 

bc Miceomeibe Eeadiitgs IE Divisions. 

d o 

I -3 .b I 1 DMsion==jj~ Cary’s Inch [ 7 . 8 ], = l' 38 a 6 >^^ 


& « 1 > 


<H S m 

ii 


Ebmaees. 


k m. 

6 55 A.M. 

7 H 
1 46 

8 8 

8 34 

9 I 
9 ^5 
9 47 

30 9 

30 34 

I 22 P.M. 

1 43 

2 2 
2 28 

2 <52 

3 ^[<5 

3 41 

4 II 
4 42 

6 58 A.M. 

7 20 

7 44 

8 8 

8 30 

8 49 

9 18 

9 4.5 
10 8 

10 42 
I 24 P.M. 

1 48 

2 30 

^ 33 

2 55 

3 ao 

3 43 

4 26 

4 46 


0 

1 62’2 

2 63*7 

3 65-7 

4 68-0 
< 70*6 

<5 73-4 

7 75*3 

8 76-4 

9 77*3 

30 78*1 

II 8ri 

32 8r3 

13 81-4 

14 8r6 

15 8i’6 

16 8 r 3 

17 8i*o 

18 8o'4 

19 79-4 


59'97 
6 o '42 
6 i -02 
6177 
63 '0 7 
64 ' 8 a 
66 ’ 5 o 
68'oa 

<5977 

7 ri 7 

79 ’ 2 o 

79’57 

79'93 

8030 

80-57 

80-72 

80-87 

80-87 

80-62 


20 62-2 60-72 

21 63*4 60-92 

22 65-5 61-35 

23 67'9 62-10 

24 7o'i 63-10 

25 72-1 64-25 

26 74*1 65-85 

27 75-7 67-67 

28 76-8 69-22 

29 78*7 71-42 

30 8r8 78-72 

31 82'i 79-40 

32 8a-o 79-90 

33 82*0 80-37 

34 82'o 80-75 

35 81*6 80-97 

36 81*3 8r-i2 

37 80-3 81-12 

38 79-8 80-92 


+ 

-4 

+ 

+ 

+ 

-H 

167-2 

321-2 

303-0 

318-3 

338-4 

306-9 

169-2 

323-0 

295-3 

315-8 

339-2 

303-0 

176-0 

318-9 

299-2 

317-^ 

333-9 

304-0 

189-9 

316-9 

291-4 

311-9 

331-7 

304-0 

aop^i 

312-3 

288-3 

310-0 

326-1 

302-8 

234-7 

309-3 

282-0 

304-6 

3229 

296-1 

257-7 

304-2 

280.0 

302-9 

318-7 

296-0 


300-9 

276-8 

299-3 

314-9 

293 -4 

300*0 

299-8 

274-9 

297-9 

312-1 

289:7 

323-6 

293-0 

272-8 

291-3 

311-9 

290 *2 

438-4 

294-2 

277-0 

299-2 

319-1 

292-+ 

443-9 

295-0 

279-0 

301-3 

317-4 

2Q0-0 

449-0 

296-2 

278-0 

300-1 

318-0 

202 ‘c; 

456-1 

297-0 

279-7 

301-9 

318-2 

293-8 

460-7 

294-2 

280-9 

304-2 

317-3 

294-0 

461-5 

297-4 

279-1 

304-0 

317-7 

292-3 

460.5 

293-3 

279-3 

301-2 

312-4 

289-8 

458-5 

293 '0 

277-3 

297-1 

312-2 

287*9 

453-9 

290-2 

275-0 

3oo’o 

312-3 

286*1 

109-1 

257-9 

235-0 

254-0 

269-9 

242*3 

111-4 

255-1 

233-0 

256*0 

270-3 

239*0 

117-1 

255-9 

231-0 

254-3 

266-3 

2.39-8 

127-7 

248-2 

227-0 

251-0 

266-1 

241 *1 

142-1 

250-0 

223-5 

247-9 

263-1 

237*0 

159-2 

246-3 

218-5 

246-2 

260-2 

2 . 34*3 

183-2 

240-9 

214-6 

240-1 

255-9 

232*1 

210-0 

238-0 

215-1 

241-3 

252-2 

232*0 

233-5 

232-0 

210-7 

235 ’! 

250-0 

230*0 

263 -X 

230-0 

207-1 

234-1 

248-1 

228*9 

354-0 

220-4 

198-1 

231-8 

241-0 

217-4 

363-1 

216-1 

196-6 

229-8 

242-0 

211*8 

370-5 

217-0 

199-7 

228-0 

239-9 

217*6 

376-9 

2I7-'o 

200-0 

231-8 

243-1 

21')'? 

381-9 

219-2 

198-7 

230-0 

243-1 

215*3 

385-5 

219-7 

199-2 

228-7 

242-1 

2i6*o 

385-1 

219-7 

200-0 

228'6 

239-3 

212*0 

383-0 

219-2 

IpS’I 

226*7 

238-0 

210*8 

380-1 

215-0 

196-0 

227*3 

2^-1 

207*2 


+ 

3 i 3 'o 

3 o 7 'o 

304'9 

304'<5 

500-2 

294-4 

293-0 

289-2 

287-4 

284- 9 

286-8 

285 - 3 

284- 7 

285- 9 
28^0 
2840 


247-9 

244-4 

240-9 

239-1 

238-0 

233-8 

229-3 

226-3 

224-2 

220-1 

206-2 

204 - 9 
206-3 

205 - 6 

206 - 3 
206-3 
203-8 

Cl>OVO 

aoi ’3 


+ 

316-8 

313-9 

313-0 

310-1 

306-6 

301-6 

299-1 

295- 8 

293- 6 

290- 7 

294- 8 
294-8 
294-9 

296- 1 
296-2 

29 . 5-9 

293-2 

291- 5 
290-1 

251-2 

249-6 

248-0 

^45-4 

^ 43 '3 

239-9 

235-5 

234-31 

230-3 

228-1 

219-2 

216-9 

ai8*i 

ai8’8 

2 i 8‘8 

^187 

%i^'% 

^15-8 

ai 37 


Lt* Waugli at 
the micrometer 
microscope j Li 
Benny afc tlio 
plain micros" 
cope. 


Lta. Waugh and 
Eenny changed 
places at the 
microscopes. 



BAR COMPAEISOITS 


IV. 


9 

After the measurement — (Continued.) 


1841 


■<; 

tiO 

"P 

S 

0) 


Deer. J 


o 

:S 

*3 


<u 


a 

0 
0) 

1 

1 

o 

ll 


'g 

g 

QJ 

& 

a 

o 


'S 

<D 

§ 

d 

Pi 

CD 

£ 

fl 

isj 


o 

o 

o 



Miceoketbb Readogs in Ditisious 

1 Division = ---"—- Cary’s Inch [7.8] = 1'382C m.y of A 



Mean 


2 ^ 

A o 

4«) -M . 

^ fii tn 

Remaees 

A 

ABODE H 

0 C ?H 

- a) ej 

5 P^rO 

s a 

4 0 

0 



k 

m * 

0 

0 

4- 

+ 


+ 

+ 

+ 


+ 


8th 7 

0 A.M. 

62-8 

59’47 

14-9 

00 

j-i 

156-8 

182.6 

192-3 

164-8 

170-7 

75*6 


? 

22 

40 637 

59'92 

20-4 

182-0 

157-0 

178-8 

193- 1 

164-4 

i68-o 

73 '9 


7 

47 

41 64'8 

6072 

29-5 

180-9 

154'^ 

179-8 

i88'4 

163-1 

165-0 

171-9 


8 

XI 

42 6j'o 

6i’27 

40-9 

i75'Jc 

150-0 

174-6 

1 88- 1 

i6r8 

163-8 

j68'9 


8 

34 

43 <597 

62’3o 

54’9 

170-0 

147-2 

169.8 

184-0 

160-7 

i6ro 

165*5 


8 

5*5 

44 717 

<53 ‘53 

71-7 

169-2 

H5'o 

167-1 

iSi'o 

773 

158-0 

163-9 

. 

9 

i8 

45 7 r ^ %95 

92*0 

1677 

141-6 

]68'o 

178-2 

157-3 

1554 

161-4 


9 

39 

46 75.6 

^^•3.5 

112-8 

i6i-8 

139-0 

ijS-r 

176-0 

i55’S 

154*0 

157*5 


10 

20 

47 79‘0 

69-47 

i59’5 

i55'o 

1347 

159-2 

754 

74-8 

1497 

154-8 


TO 

38 

48 8o'2 

71-00 

i8o-2 

754'4 

I34'r 

i6i'i 

75'° 

155-4 

150-6 

155*1 


I 

■20 P.M. 

49 83-5 

8o-6o 

3 16-8 

^59'° 

136-3 

i68-o 

180-1 

150-1 

146*8 

156*7 


I 

42 

50 84-0 

81-30 

329-0 

i54'8 

136-6 

167-2 

79-8 

154-0 

146*6 

156*5 

f n T 1 1 

2 

2 

51 84-2 

81-90 

339 ‘4 

157-2 

137 '4 

167-6 

178-0 

KkP 

146*3 

157-0 

Tiie weatliei- 

2 

21 

52 84-1 

82-35 

3477 

156-2 

136-r 

169-0 

178-4 

156-3 

H5'4 

156*9 

thronghont 

2 

40 

53 83-4 

82-70 

353 '8 

157-0 

1,37-8 

166-4 

77'5 

i55'o 

145-6 

156-6 

these compi- 

2 

58 

54 83-2 

82-95 

35<>‘5 

155 

138-7 

i66-o 

797 

737 

143*9 

156-2 

riBons whs 
clear and 

.3 

16 

53 83-3 

83-12 

358‘i^ 

h57‘i 

136-3 

165-3 

178-1 

73-1 

144-0 

1557 

4 

I 

(6 83’2 

83-27 

358'3 

154-0 

138-7 

165-2 

74*3 

149-0 

139-8 

15.3*5 

steady. Wmd 

4 

18 

5 _-t. 

CO 

"--I 

83-25 

35 7 '2 

f547 

137 '5 

i66'i 

747 

148-3 

138-6 , 

153-3 

at N.E. 

Means 

268-75 

232-90 

211-69 

236-85 

250*74 

27’54 

22r3o 

229-84 




EIDER BASE LINE 


IV— 


lO 


Aftar the measurement — (Coutiuued) 

As on page IV we lave 

5 

^ - (f - 6i,‘) - dJEJ - S = 0 ; 

and from the preceding bar comparisons, we obtain the following series of results ; 


x + 3-03 ( E ^ 


,) -149*6 = 0 

a?+ 1-58 

3 ) 

— 144*7 = 0 

0*98 

33 

-137*0 = 0 

a?+ 0'33 

33 

— 130*3 = 0 

a?— 1*07 

33 

- 97*5 = 0 

cn — a'83 

33 

— 66*9 = 0 

a?— 4*50 

33 

— 41*4 = 0 

a?— 6‘oa 

33 

— 17*6 = 0 

Of - 7-57 

33 

+ 7*0 = 0 

a?- 9*17 

33 

+ 33*9 = 0 

a?— i7’ao 

33 

-1- 143*6 = 0 

ic-irsi 

33 

+ 149*1 = 0 

a?- 1 7*95 

33 

4154*1 = 0 

ai— 18*30 

33 

4 160*0 = 0 

a 7 -i 8-57 

33 

4 164*4 = 0 

a?— 18*73 

33 

4 165*6 = 0 

a?— 18*87 

33 

4167*3 = 0 

a?— 18*87 

33 

4167*6 = 0 

a?— 18*63 

33 

4163*8 = 0 

ic + 1*38 

33 

— 143*1 = 0 

a?+ 1*08 

33 

-138*3 = 0 

a?+ 0*65 

33 

-130*9 = 0 

a?— 0*10 

33 

— 117*7 = 0 

a?— 1*10 

33 

— 101*3 = 0 

a?- 3*35 

33 

— 80*7 = 0 

a?- 3*8j 

33 

- 53*3 =: 0 

a?- 5*67 

33 

— 34*3 = 0 

a?~ 7*33 

33 

4 3*3 = 0 

ai- 9*43 

33 

4 35*0 - 0 


af-i 6*73 (jB^ 

— dE „ 

) 4 134*8 = 0 

a?— 17*40 

33 

4 146*3 = 0 

0 

p\ 

M 

1 

33 

4 153*5 = 0 

a?-r8*37 

33 

4 i 58 ‘i = 0 

ip-i 8*75 

33 

4163*1 = 0 

a?— 18*97 

33 

4 166*8 = 0 

a?— i9*x3 

33 

4167*9 = 0 

a?— 19*13 

33 

4 167*3 = 0 

a?— 18*93 

33 

4 166*4 — 0 

X + 3*53 

33 

— 160*7 = 0 

3*o8 

33 

-153-5 = 0 

a ?4 1*48 

33 

— 143*4 = 0 

a ?4 0*73 

33 

—138*0 = 0 

ai— 0*30 

33 

—110*6 = 0 

ai- 1*55 

33 

— 91*3 = 0 

3*95 

33 

— 69*4 r= 0 

a?- 4*35 

33 

— 44*7 = 0 

a?- 7*47 

33 

4 4’7 = 0 

a?— 9*00 

33 

4 35*1 = 0 

a?— 18*60 

33 

4i6o*i = 0 

37—19*30 

33 

4173*5 = 0 

37—19*90 

33 

4183*4 = 0 

37 - 30*35 

33 

4190*8 = 0 

37—30*70 

33 

4197*3 = 0 

37 — 30*95 

33 

4 300*3 =: 0 

37 — 31*13 

33 

4 303*5 = 0 

37—31*37 

33 

4304*8 = 0 

07 — 31*35 

33 

4303*9 s= 0 



BAE COIPAEOTS 


After tk ineaswmmi^{(jOJiimm^.) 
And from the mean of these results, 


IV. 


u 


S = - + lo-i-i [E, - dE^): 

adopting the original value of the expansion of A given at page ( 9 \ 

m.y d 

E, = 0,2-6'! = ifi'397’ 

d m.y 

andi? = ia9‘49 - ro'27 - 10*27 == L — A. 

where L denotes the mean length of the compensated bars obtained from all the comparisons, 

d 

as represented by the mean micrometer reading 229*84 page IV_^. 

Proceeding as on page lY— ^ we obtain : 


la terms of 

A-L B -1 C-L D-I. E-Ii H-Ii 

Micrometer divisions. 

Millionths of a yard. 

+3*o5 -18*15 4-7*01 +20*90 -4*30 - 8*54 

+4*23 “25*09 +9*69 +28*90 -5*95 -ii*8i 


Also the following; 


A 

A - A = 132*55 - 
B - A = 111*34-- 
C A = 136*50 - 
P - A = 150*39 - 


m.y 

10*37 - 10*27 

„ = i53‘94 - 

„ = 188*72 - „ 

» = ^ 07'93 “ « 




BIDEE BASE-LINE 


IV. 


'12 


Pinal deduction of the total length measured with the compensated hars« 

OT.y 


Prom page IV ^ the excess of the 6 compensated tars above 6 times A 


5) 


IV_ 


’ll 


Therefore the mean excess of 






before the measurement 
after „ 

applicable to the base-line 


And the mean length of a set of 6 compensated bars in feet of the standard = 5o '003 393 7 


= 1121*5 — 

111*9 dEa 

= 1074*2 — 

5i*5 dE^ 

= 1097*9 — 

86*8 dE^ 

50*0033937 

86*8 dE^ 


Hence the total lengths measured with the compensated bars 

feet of A 

in sets Nos. i to 344 

= 14540*8037 — 31179 dEa 

„ 345 to 518 

15440*9035 - 33783 dEa 

j, 519 to 56o 

= 8530*4677 — 13336 dE^ 

„ I to 65o 

= 39503*1739 - 57388 dEa 


Now the mean temperature of A during the above bar comparisons was 63° -f 

= 76°‘3, for which temperature the corresponding expansion of A from page ( 19 ) is 21*738 
Comparing this value of expansion with the original value = 32*67 ^sed in the foregoing; 
it is found that 0*933 w.y. ; and substituting for dJ/^ this numerical value, there result, 


Total lengths measured with the compensated bars 

in sets Nos. 

I to 344 0^^ 

feet 

to Stn. A ■ = (14540*8037 — 

J) 

345 to 51 8 or Stn. A, 

to stn. B = (15440*9035 — 

7} 

519 to 65o or Stn. B, 

to E. End = ( 8530*4677 


I to 65o or W. End, 

to E. End = (39603*1739 •— 


of 

•0592) 

*0665) 

•0345) 


A 

14540*7445 

15440*8360 

8530*433^ 



EIDER BASE-LINli: 


Cm],arisom Ictwcm the Oompmaki .Um-oKepae ani ihek Uneh J™* scales mrinc, the 
measurmmk and prmsicml determmtion cf Microscope errors with raped to the 
6-sneh brass scab A, expressed in millionth of an inch (m.i.) 




BIDEE BASE-LIKE 


Microseoj^e Comparisons — (Continued.) 


When compared 


Novemlier 26 tli Between sets No. 

5J8 and 519. 


M M 
0 li 

F F 


T T 


irss 

19‘5\ 

/'S’ad 

79',35 

79'25 

78-5j 

79‘3i 

79 ‘S 5 


December 4 th After the measure- 
mcut. 


K & 74’7i 

U JJ 767a 

M M j6-%6 

0 R 77 *<1.8 

F N y6'62 

P T 76 ’o 5 

T T 73.6:5 


N S ^ 


o R o 
ri 00 H 

03 H o 


■h 972 

1084 

1017 

1084 

1078 

1034 

io8a 

iop7 

+ 794 

920 

892 

967 

914 

878 

728 


Microscope 
Microscope Scale, 


Olserved valne in 
terms of 

DiTigions 

10000=1" 



Micros : — Scale A, 
at 63“ Eah. 


+ fl7 

- 1-40 
11-50 

+ 3'Jro 

— 2-27 

- op3 

.00 

— 2’27 

+ 3'3P 
I 'So 
— 10'20 
+ 3 '<5,5 


-4- 1x7 

— 140 
1150 

+ 310 

— 227 

93 


+ 330 

160 
— 1020 

+ 3*53 


•+• 2.83 

- 76 

- a t 

+ 93 
563 

- 97 
+ 93 

- 97 

- 76 

+ 283 

- 21 
+ 93 

3 ^^3 
- 97 
97 


■h X372 40 

869 41 

- 154 4a 

+ 1487 43 

12x4 44 

844 45 

“76 4<5 

773 47 

+ 1049 48 

L363 49 

- X49 50 

+ 1423 51 

“77 62 

781 53 

631 54 


■■ _ , 

The required combinations of individaal microscope errors taken from nao-es TV 
are expressed as follows ; ° ^3 


^e/frence ntimiers. m.i. mem. temp ; 

j I H di ^ 

24- 3 + 4+ 54 64 __ = 4. 56 p 4 (-(52 417-20) before the measurement. 

g I j w 

^2 r- 9 4 IX 4 X2 4 13 4 14 -I __L_ — 4 at (62 422*38) between sots 48 & 49 


^2 9 "b 2x 4 X2 4 13 4 4 


fs ?= 10 4 II 4 12 4 13 4 14 + - 4 - 6200 at (63 422*42) „ (jo_ 

p= J 7 + 18, 4 19 + 20 4 21 4 = 4 4^09 at (62 4 8-07) ^ ^ 155 

% == 24 4 25 4 26 4 27 + 28 4 = 4 6591 at (62 4 22*24) | „ ,44 & ^4^ 

% ^ 32 + 33 + 34 36 + 37 + = 4 6361 at (62 4x9-66) | „ 363 & 354 

^7 *- 34 4 - 33 4 35 4 36 -f 37 + ^ = 4 69^9 at (62 4- 19*73)1; | ,, do. 

<8 - 33 4 - 36 + 36 4 37 4 38 + = 4 5,794 at (6a 419-83) | „ do, 

*9 =; 4 o> 4 4 - 43 + 44 4 46 + = 4 5737 at (62 416*73) ^ „ ^13 & 519 

«io *=* 42 + 43 4 44 4 46 4 45 4 _ .j, 4 i 6 - 88 ) „ do. 

«n = 40 + 42 + 43 4 44 + 45 =» 4 - 6584 at (62 4x674) . „ do. 

n 49 -b 6° 4'' SI 4- 6% 4* S 3 +■ ^ "" d" 663.6 at -fii-aa), after the measwcmMifc. 


5x8 & 519 




BIDER BASE^LINE 

Micfomj^e CWjoawows— (Continued.) 



And from tlie foregoing, we obtain the following equations for the microscope errors 

per set (or m.e) ; where dE expresses the error in the adopted value of the expansion of the 
o-inch scales. 


Cj + e, w.i. 

{m.e\ — -- — _ f 6344 - 6 X 1979 dE applicable to sets Nos. i to 48 

(ma), = 1 ± 5 l = + j40j _ iS X ,j.y iS 

» 

» 49 to 355 

(«,.e.)3 = = 4. 5100 - 6 X i5'i6 dE 

n 

)) 156 to 244 



»» 245 to 353 

= 4. 3828 - 6 x>8*43 dE 


» 354 & 355 

{m.e\ = = 4. ^fSx i8'37 


It 35 < 5 to 5 i 8 

= 4. ^^60 _ 6 X 1548 dE 

91 

i> 519 to 660 


Hence the total microscope errors are as follows : 


In sets Nos. 


feet of A. 

r 48 (m.e)i = 3045U - 5700 dE = ’0454 - /5700 dE 

I to 244 107 m.6>)3 = 578335 - 9791 dE = *0483 - 9791 dE 

L "9 = 453900 “ 8095 dE a *0378 - 8095 dE 


sum = -1114 ~ 33586 dE 




In sets Nos. 345 to 518 


109 (m.e)^ == 596339 - 13669 dE = *0497 - 13669 dE 

■j 3 (w.elj = 11656 ^ 319 dE = -ooio - 319 iE 

^163 (w.e)8 = 931871 - 17966 dE = *0777 - 37966 dE 


sum a *1384 - 31854 dE 


In sets Nos. 519 to 660 = 143 {m.e),j = 789530 ~ 13189 dJS = *0658 -* 33189 dE 
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3Iieroscope Oompansom~{Go'n.tmvLedi.) 


Piaal deduction of the total lengths measured with the compensated microscopes, 

Hitherto the microscope errors have been determined only provisionally ; i.e in terms 
of the 6-mch brass scale A. But from page ( 31 ), we have 2 A = rooooi^z value in 
1835 . Also the coefficient of expansion for brass, has been taken at •000,010,417 in the fore- 
going reductions, whereas it appears from page ( 17 ) that -000,009,855 is a more probable value. 
Accepting the latter, it may be found that d£ = 3'372. (m.^). Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A -f the corresponding (m.6), 
we have, 

Total length measured with the compensated microscopes 


In sets Nos, i to 344 ) _ j 

or W- End, to Stn. A j ' ' ‘ 1 

J. feet of A 

1 244 X 3 -f '1 1 14 

„ 245 to 518 1 _ 1 

or Stn. A, to Stn. B j . . . . 

f 

274X 3 + -1284 

„ 519 to 660 \ __ J 

J 142 X 3 -1- -0658 

or Stn. B, to E. End / ] 

„ I to 660 ) 


or W. ±jnajto Jii, Ji^na j 


feei 


of 


•1352 


(1980-3437 — ■0193)= 1980-3244 


Disposition of the Mrs and microscopes during the measurement. 

The following typical illustrations show the permutations and combinations of the bars 
and microscopes during the measurement. The instruments are here named in the succession 
that actually occurred, commencing from the rear-end of a set ; and the numbers assigned to 
the illustrations, will be found employed in the table of “ Extracts from the Field Book &c.” 


Bar Illustration. 

No. 1 

A'' 

B 

C 

D f 

E 

H 


Statement. 

hfo, 1 occurs throughout, i.e,, in sets Nos. i to 660. 


Microscope Illustration. 


No. 1 No. 2 No. 3 No. 4 
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iTj 

hTj 

iTj 

iTj 


Statement. 

No. 1 occurs in sets Nos. i to 353, 
No. 2 „ Nos, 354 and 355. 

No. 3 „ Nos. 35<5 to jjS. 

No. 4 „ Nos. 519 to 660. 
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DETAILS OF THE MEASTOEMENT. 

Extracts from tU Field Book of the measurement, and ealcuMed heights of sets above the origin. 

Adopted heiglits above mean sea level. 

West-End (origin) = 1980-2, feet. 

East-End (terminus) = 1957-1 feet. 


1841 


CJ 

m 

o 


,0 


■A 


I 

EH 


rcj 

O) 


m 

Mean timo of S 
ending 


Cg 

I 


0 
o 

-g 

4 - 

0 d 
bO 

■s'g 


Nxnnornl 
b 1 lowing 
airaiigc- 
xnont of 


w 


od 


i8‘n 


DQ 

0 




• M 


I 

§ 

EH 


Moan tiniG of 
ending 




■0 

0 H 

gn 

bO 




Numeral 

Blicwiug 

arraiige- 
monfc of 

U 

R 

i' 

3 



I 

I 

I 

I 

I 

r 

I 

X 

I 

X 

i 1 

I 

1 

X 

I 

I 

•I 

I 

I 

I 

I 

I 

I 

X 

X 

I 

I 

I 

X 

1 

I 

X 

I 

I 

I 

X 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

X 

I 

X 

I 

X 

I 

I 

X 

X 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 1 

X 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

I 

X ~ 


19th Oct. I 
2 
.3 

4 

5 

6 


20 Ih 


23 ii(l 


23 rd 


7 

8 

9 

10 

1 1 

X2 

1.3 

14 

^r> 

16 

n 

18 

19 

20 

2t 

22 

a .3 

24 

2(5 

27 

28 

29 

30 
.31 
.32 
. 3.3 

34 
3.5 
3<5 
37 

35 

39 

40 

41 


O 

72- 1 

7 S '3 

79-2 

8i-o 

88-(3 

89’3 

88-0 

79-8 

73 • I 
76-2 

79’.5 

B 3-5 

847 

« 5-4 

884 

84-<5 

90-1 

« 9’.5 

7o’2 

73- S 
76-7 
8o'x 

86-2 

« 4',3 

8o'5 

82’b 
8 0/9 
8,3 '9 
82'8 
8i-6 
72\3 

7 , 3 '7 
76'x 

78'2 

80-5 

83'o 

8s'6 

82’0 

7<54 

777 


h. m. 

6 50 A.M. 

6 “|- 

feet 

I '5 

T 

I 

8 S° 

6 - 

0-8 

I 

I 

9 54 

6 

3-3 

I 

I 

53 

6 

4-8 

I 

I 

a 0 P.M. 

6 

4-9 

I 

I 

59 

6 

5 ‘° 

I 

I 

410 

6 

6-4 

X 

I 

4 0 

6 

8-6 

I 

X 

0 S9 a.m:. 

6 

10-3 


I 


7 59 
^ 55 

9 52 

10 48 

11 

2 

3 

4 

.5 

6 


39 

25 P.M. 
j6 
1(5 
0 

38 A.M. 


7 23 
« L 5 
^ 59 
9 51 
10 38 
r 29 P.M. 
2 10 

2 47 

3 25 

4 ir 

4 50 

5 26 

7 2(3 A.M. 

8 5 
® 45 

9 21 
10 5 

10 44 

11 23 

2 8 B.M. 

3 

3 57 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 


11*5 

X2\15 

I 2’9 

13-5 

^ 5*5 

1 ( 5*3 

16*7 

i 7’6 

i8'6 
19' I 

^ 9’5 

I 9'8 
20*2 
21-6 
22*1 
22’3 
22*0 
21*4 
2 I ‘8 
21*6 
2X'9 
22 * r 
22*2 
22*8 
^ 3' 3 
^3*5 

337 

23*8 

^4-5 

i^ 5‘3 

26*0 


25tli 


I 

I 

I 

X 

X 

X 

X 

I 

X 

X 

I 

I 

X 

I 

I 

X 

X 

I 

I 

I 

I 

I 

I 

I 

1 

.1 

I 

I 

I 

I 

I* 

I 


I 

1 

X 

t 

X 

1 

I 

X 

I 

X 

I 

I 

I 

r 

r 

I 

I 

1 

I 

j 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

X 

X 


33rd Oct. 42 

43 

44 

45 

46 

47 

48 

49 

50 


26 th 


27tli 


28tli 


51 

5 ^ 

53 

54 

55 
5 ^ 
57 
5S 

59 

60 
6j 
62 
< 5.3 

64 

65 

66 

(n 

68 

^9 

70 

71 

72 

73 

74 
7,5 

76 

77 

78 

79 

80 
8r 
82 


73’.3 

72-8 

75- 5 

179 

8r6 

85'o 

85- 9 

86'o 

82-6 

817 

7a'o 

71-7 

74'3 

78‘o 

8i'o 

8r8 

86'o 

86- r 

85-5 

87- 8 
877 

8i’2 

79 - 3 

71- 1 

72- 3 

737 
75 '0 

76- 2 

78-2 

80- o 
82-1 
82-5 
82‘0 
827 
8r3 
82’0 
817 
8o-6 

797 

70- 7 

71- 0 


li. m. 

4 51 P-M. 

6 k6 A.M. 

7 49 

8 27 

9 16 
10 8 
ir o 

4 7 P.M. 

4 51 

.5 aS 

d 40 a.m. 

7 28 

8 18 

8 55 

9 .39 
10 i 5 
10 48 

1 .32 p.m:. 

2 20 

3 4 

3 47 

4 ap 

5 i <5 

6 42 a.k. 
22 

8 

8 45 

9 24 

9 57 

10 30 

11 2 

I 3 a P.M. 

3 


7 

8 


2 38 

3 14 

3 49 

21 

5 ^ 


25 


45 A,M. 

14 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 


28- 


45 • 


46-3 


48’i 

48'.3 

49' I 

50- 0 
50'8 
5 J '4 
5^'5 
5^'5 

51- 6 

S> 3 'i 
53 '5 
54'2 
547 
55 'a 
55'8 
S&o 

311 

S8-6 

59'8 
60 '9 
( 5 ri 


The rear-eiid of sot No. i stood exactly over the dot at West-End. 
r.^ Mo™i»gcloudy._ (5) Afternoon cloudy and threatening. (13) Cloudy and threatening. fSG) Heavy shower 

aftertJienieasuremeat of this s^^^^ (42) Eainmg. (52) Sky cleaa-. (53) Sky overcast with clouds. (57) Sky clearinfif 
(h4) liaming slightly. (71) Cloudy morning. (73) Cloudy afternoon. (82) Cloudy and foggy. ^ ^ 
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Extracts from the Field Booh — (Continued.) 
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Extracts from the Field Boole — (Continued.) 
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205 

89' I 

4 9 

6 

57'^ 

1 

I 


237 

82-8 

9 41 

6 

43-2 

X 

I 

206 

88'5 

4 33 

6 

SI'S 

X 

I 


238 

83 -(5 

10 6 

6 

43-1 

I 

X 

207 

84-€ 

5 0 

6 

58-4 

1 

I 


239 

83*0 

JO 32 

6 

42-3 

I 

X 

208 

81-9 

5 20 

6 

587 

1 

I 


240 

88-7 

X 14 P.M. 

6 

417 

X 

X 

8th „ 209 

71-3 

6 36 A.Jt. 

6 

58-5 

1 

I 


241 

887 

I 44 

6 

4i’o 

X 

1 

210 

72-1 

7 5 

6 

.78 '4 

1 

X 


242 

88-0 

2 8 

6 

40*8 

I 

X 

21 1 

73-9 

7 37 

6 

58-4 

I 

I 


243 

89-3 

2 36 

6 

40*0 

I 

X 

212 

7.S’i 

8 2 

6 

58*5 

I 

I 


244 

Sdo 

3 41 

6 

40*2 

I 

X 

213 

76'9 

8 27 

6 

58'6 

I 

' I 









2x4 

78-3 

8 54 

6 

58-5 

1 

X 




Total 

— 1 2278-5 



The acivaiieod-eiid of set No. 244 fell ii: 

L dcfecl 

: (2. e . 

west) of the dot at Station A, O^IOSS feet, as ii 

leasured on 

Cary’s brass sciile with a pair of compasses. 











Heigilt of ml 

No. 244 iibove Station A = 

= TG feet. 









The terminal point of sot l!^o. 244 was the point of origin for set Nc 

245. 






lUth 5, 243 

70-9 

6 57 A.M. 

6 - 

40*2 

I 

X 

lOth. „ 

258 

88-6 

3 18 P.M, 

6 

- 47*1 

I 

I 

■246 

74-0 

7 28 

6 

417 

I 

I 


^S 9 

90*2 

3 4(5 

6 

47'9 

X 

I 

247 

76-9 

7 57 

6 

42-9 

I 

1 


260 

87-0 

4 14 

6 

49 ' I 

I 

I 

248 

78'o 

8 26 

6 

43-6 

I 

X 


261 

84-6 

!) ^ 

6 

50-1 

I 

X 

a49 

8i-o 

8 56 

6 

43 ’ I 

I 

I 

nth „ 

262 

70-5 

6 45 A.M. 

6 

50'! 

I 

X 

250 

84-6 

9 22 

6 

42*2 

I 

I 


263 

73-4 

7 14 

6 

*5 1 '5 

J 

T 


84‘o 

9 50 

6 

427 

I 

I 


264 

76-2 

7 48 

6 

52-4 

I 

J 

252 

87*0 

10 17 

6 

43 'a 

J 

I 


265 

77-8 

8 17 

6 

5 . 3‘5 

1 

X 

^53 

87-8 

xo 44 

6 

44-6 

1 

X 


266 

79-1 

8 48 

6 

54-5 

I 

X 


88*0 

Ji 10 

6 

447 

X 

I 


267 

8i*2 

9 1 1 

6 

5 ( 5-4 

I 

X 


87’5 

I 50 P.M. 

6 

44 ' 8 

I 

I 


268 

84-2 

9 35 

6 

57'4 

X 

X 


88’2 

217 

6 

45-5 

1 

I 


269 

857 

9 57 

6 

58-5 

I 

X 

^67 

87'3 

2 48 

6 

4 ( 5-5 

1 

I 


270 

85 'O 

10 22 

6 

59-8 

X 

X 



BIDER BASE-LINE 


Extracts from the Field Boole — (Contimied.) 


Mean time of S 
endiug 


Numeral 
shewing 
arrange- 
ment of 


Mean time of U 


llth Nov. 


2)1 

86°4 

7 i. m. 

10 50 A.M, 

6 

feet. 
— (5o‘2 

2)2 

90*0 

I 23 P.M. 

6 

62*0 

^)3 

91-9 

I 48 

6 

62*8 

274 

887 

217 

6 

<53-3 

275 

90*4 

2 41 

6 

<55-1 

2)6 

89-4 

3 

6 

66*2 

277 

278 

90*0 

3 3 X 

6 

<57-3 

90’2 

3 j.? 

6 

68*s 

279 

86-4 

4 18 

6 

68'8 

280 

8.3 A 

4 41 

6 

69-6 

281 

81*4 

5 5 

6 

)0'2 

282 

66’o 

6 3^ A.M. 

6 

)0‘S 

283 

68-1 

7 9 

6 

71-9 

284 

71-9 

7 3 J 5 

6 

72-9 

285 

7 . 3 '8 

8 I 

6 

74-0 

286 

/5'6 

8 27 

6 

75 *^ 

287 

77-1 

8 49 

6 

757 

288 

79 'i 

9 14 

6 

76-3 

289 

8o‘4 

9 39 

6 

766 

290 

8 1 A 

10 2 

6 

77*1 

291 

82*6 

10 28 

6 

77-4 

292 

8,3-9 

10 56 

6 

78*6 


86-0 

I 21 P.M. 

6 

794 

294 

87*0 

I 42 ' 

6 

80*0 

295 

87-9 

2 r > 

6 

8o’4 

296 

86-8 

2 28 

6 

81*3 

297 

298 

87-8 

2 52 , 

6 

82*1 

86-1 

3 13 

6 

83-2 

299 

84-9 

3 37 

6 

8V8 

300 

82*4 

3 S9 

6 

84*6 

301 

79*7 

4 35 

6 

854 

30 ^ 

8i'2 

4 47 

6 

85*3 

303 

79 *.? 

3 II 

6 

87*1 

304. 

6o'8 

637 A.M, 

6 

88-1 

305 

<5.3 '9 

7 9 

6 

89*0 

306 

671 

7 3<5 

6 

91*3 

30 ) 

d9'8 

7 59 

6 

9^*4 

308 

71-1 

8 21 

6 

93*5 

309 

7 . 3 '4 

S 45 

6 

93*0 

310 

75'<5 

9 II 

6 

96*3 


78-0 

9 . 3(5 

6 

98*0 

312 

79'6 

10 2 

6 

100*1 

313 

8o'9 

10 24 

6 

100*9 

3H 

8r8 

10 51 

6 

102*3 

3^5 

84-,3 

2 2(5 p.M. 

6 

^ 03 -5 

316 

84 'o 

(^53 

6 

105*1 

317 

83-7 

.3 19 

6 

io6’5 

318 

83-4 

3 44 

6 

107*3 

319 

82'4 

4 5 

6 

109-5 

320 

78'6 

4 24 

6 

110-7 


13th Nov. 321 

322 

15th ,, Cf,2q 


5 

1 1 

6 

112*8 

6 

47 A.M. 

6 

1 12*9 

7 

^6 

6 

1 13*2 

7 49 

6 

t,r4*o 

8 

18 

6 

114*6 

8 

43 

6 

114*8 

9 

6 

6 

115* I 

9 

34 

6 

^^ 5'9 

9 

57 

6 

1S&3 

10 

24 

6 

1 16*3 

10 

55 

6 

115*8 

1 

25 P.M. 

6 

^15*7 

I 

49 

6 

1 15*6 

2 

21 

6 

1 1 6*4 

2 

45 

6 

I i 6*3 

3 

12 

6 

1 16*5 

3 

3 a 

6 

117*7 

4 

2 

6 

ii8*o 

4 

22 

6 

ii8*o 

4 

45 

6 

117*8 

5 

12 

6 

1x8-6 

6 

38 A.M. 

6 

119*1 

1 

6 

6 

120*0 

7 

35 

6 

120*4 

7 

5 B 

6 

120*6 

8 

23 

6 

120*8 

8 

49 

6 

122 6 

9 

^3 

6 

122*9 

9 

37 

6 

123*6 

10 

7 

6 

125*2 

10 

30 

6 

126*7 

10 

5^5 

6 

127*6 

3 

23 P.M. 

6 

X 27*4 

3 

5^5 

6 

127*3 

4 

44 

6 

127-3 

5 

^5 

6 

127*2 

6 

40 A.M. 

6 

126*6 

7 

9 

6 

^^ 5*5 

7 

35 

6 

125*1 

8 

3 

6 

124-8 

8 

28 

6 

125-0 

8 

54 

6 

124*9 

9 

22 

6 

126*1 

9 

48 

6 

1 2 7- 1 

10 

19 

6 

128*8 

10 

48 

6 

132*2 

II 

a 3 

6 

132-1 

I 

49 P.M, 

6 

132-3 

2 

^7 

<5 

130*9 










DETAILS OF THE MEASUREMENT. 


Extracts from the Field Boole — (Continued.) 


lY- 


21 


. 

-p 

<D Ch 

m o 

<0 S> 

1841 1 • 

^ g 

.5 & 

^ i 

B 

<D 

3 

m 

Mean time of S 
endiug 

<D 

1 
^ d 

Numeral 
sTiewing 
arrange- 
ment of 

1841 

-P 

m 

M 

'P 

'g 

Temperature o£ Air 

Moan time of 
ending 

Id 

cu 

§ 

OQ 

03 

0 

0 

t> 

0 

Numeral 
shewing 
arrange - 
menfc of 

• rH 

S 

no 

a 

m 

m 

§ 

a 

0 0 

s 

W 

TO 

% 

« 

m 

0 

g 

a 

0 

h TO. 

feet. 





0 

h. TO. 


feet. 



ITthNov. 371 847 

2 43 P.M. 6 - 

-130-1 

I 

3 

20thNo7. 

421 

84’5 

I 30 P.M. 

6- 

62-3 

I 

3 

372 84'9 

3 12 6 

129-8 

I 

3 


422 

86-9 

^ 55 

6 

61-9 

I 

3 

373 84-0 

3 49 *5 

128-3 

I 

3 


423 

85 ’9 

2 23 

6 

61-8 

I 

3 

374 82'4 

4 13 6 

128-0 

I 

3 


424 

86-0 

2 46 

6 

61-7 

I 

3 

373 74‘3 

4 44 6 

127-3 

I 

3 


425 

84-8 

3 II 

6 

62-0 

I 

3 

376 <59'8 


127-0 

I 

3 


426 

84-2 

3 35 

6 

62-4 

I 

3 

18 th „ 377 52-4 

6 33 A.M. 6 

126-9 

I 

3 


427 

79-9 

4 4 

6 

62-9 

I 

3 

378 55'° 

7 4 <5 

126-8 

I 

3 


428 

77-0 

4 30 

6 

63-6 

I 

3 

379 < 51-4 

7 35 6 

126-8 

I 

3 


429 

76-x 

4 52 

6 

64-2 

I 

3 

380 ( 56‘4 

82 6 

126-8 

I 

3 


430 

73 '3 

5 21 

6 

64-9 

I 

3 

381 70-9 

8 28 <5 

I 27 ‘I 

I 

3 

22nd „ 

431 

6o'6 

6 35 A.M. 

6 

66-3 

I 

3 

382 74-0 

8 49 6 

126-3 

I 

3 


432 

62-9 

7 8 

6 

67-8 

I 

3 

383 777 

9 II 6 

126-0 

1 

3 


433 

69-x 

7 54 

6 

68-8 

I 

3 

384 8o'o 

9 33 ^ 

123-7 

I 

3 


434 

73 'a 

8 31 

6 

69-4 

I 

3 

385 8r'8 

10 I 6 

I23-X 

I 

3 


435 

75V 

8 59 

6 

70-6 

I 

3 

38<5 84-3 

10 40 6 

I2V5 

I 

3 


43 <5 

78-0 

9 26 

6 

72-0 

1 

3 

387 83-2 

II 20 6 

X 22-3 

I 

3 


437 

78-6 

9 51 

6 

72-9 

I 

3 

388 86'o 

I 47 P.M. 6 

120-3 

I 

3 


438 

79’5 

10 24 

6 

74’3 

I 

3 

389 86'2 

a 20 6 

IIp’I 

I 

3 


439 

81-4 

10 34 

6 

75'3 

1 

3 

390 86-4 

2 49 6 

117-2 

I 

3 


440 

80-7 

I 23 p.x 

6 

76-1 

I 

3 

39 ^ 837 

328 <5 

XI4-6 

I 

3 


441 

80-1 

I 5 ^ 

6 

77‘4 

I 

3 

39 ^ 83'3 

43 ^ 

112-3 

I 

3 


442 

83-2 

2 22 

6 

78-8 

I 

3 

393 83-0 

4 38 6 

109-6 

I 

3 


443 

84-5 

2 46 

6 

79-1 

I 

3 

394 73 ’8 

3 10 6 

107-8 

1 

3 


444 

8t-2 

3 14 

6 

79-0 

1 

3 

19 th „ 395 36-2 

6 41 A.M. 6 

105-3 

I 

3 


445 

81-4 

3 41 

6 

79-2 

X 

3 

396 62'8 

7 40 6 

102-4 

I 

3 


446 

78-6 

418 

6 

78-4 

I 

3 

397 73 'o 

8 33 ^ 

99 '4 

I 

3 


447 

75 '4 

4 5° 

6 

78-5 

I 

3 

398 ‘j8-6 

9 22 0 

95-3 

I 

3 


448 

72-4 

5 15 

6 

78'3 

I 

3 

399 817 

10 3 6 

92-9 

I 

3 

23 rd „ 

449 

58-4 

6 40 A.M. 

6 

78-3 

I 

3 

400 827 

10 31 6 

91-8 

I 

3 


450 

61-4 

7 10 

6 

78'6 

I 

3 

401 83 '9 

II 0 <5 

89-9 

I 

3 


451 

6^6 

7 39 

6 

79-2 

X 

3 

402 83 '9 

I 29 P-M. 6 

87-8 

I 

3 


45 a 

69-8 

8 8 

6 

79'3 

I 

3 

403 83 '4 

I 57 ^ 

85-7 

I 

3 


453 

72-9 

8 38 

6 

79-6 

I 

3 

404 857 

2 27 6 

84-0 

I 

3 


454 

74-1 

9 3 

6 

79-6 

I 

3 

403 83-6 

2 39 <5 

83-2 

I 

3 


455 

77-5 

9 3 '^ 

6 

79’5 

I 

3 

406 87 '3 

3 24 6 

82-0 

1 

3 


45 ^> 

77-6 

9 57 

6 

79’5 

X 

3 

407 83-0 

3 54 <5 

8o-i 

I 

3 


457 

79V 

10 24 

6 

79’3 

I 

3 

408 78'3 

4 18 6 

79-2 

I 

3 


458 

80-7 

10 38 

6 

79-2 

I 

3 

409 7 7 '3 

4 47 ^ 

77-5 

I 

3 

* 

459 

82-7 

I 38 P.M, 

6 

80-7 

I 

3 

410 74'9 

5 13 6 

75-8 

I 

3 


460 

83 '5 

^ 5 

6 

81-5 

1 

3 

20th „ 4x1 377 

6 38 A.M. 6 

74-6 

I 

3 


461 

81-6 

2 31 

6 

82-1 

I 

3 

41a 39-3 

7 II 6 

72-4 

I 

3 


462 

80-3 

a 57 

6 

826 

I 

3 

413 <54‘o 

7 41 6 

70-9 

I 

3 


4<53 

82-3 

3 ax 

6 

83-8 

I 

3 

4x4 68‘0 

8 8 6 

70-1 

1 

3 


464 

82*4 

3 41 

6 

83-8 

I 

3 

413 71-2 

8 36 6 

68-5 

I 

3 


465 

78-7 

4 7 

6 

86-0 

I 

3 

416 747 

9 3 ^ 

67-2 

X 

3 


466 

75 

4 31 

6 

86-1 

I 

3 

4x7 78-3 

9 34 - ^ 

^ 5-5 

I 

3 


467 

72-3 

5 I 

6 

86-3 

I 

3 

4x8 8 o'3 

9 38 6 

64-7 

I 

3 


468 

70-4 

5 a 3 • 

6 

86-8 

I 

3 

419 81-3 

10 29 6 

63-5 

1 

3 

24 th „ 

469 

55-1 

6 40 A.M. 

6 

84-9 

I 

3 

420 82'3 

10 33 6 

62-7 

1 

3 


470 

57V 

7 14 

6 

83 '4 

I 

3 



EII>EK BASE-LIHE 


Extracts from ' the Meld Boole — (Continued.) 


Mean time of ^ 
ending ^ 


[Numeral 
sliewing 
arrango- 
meni of 


Mean time of § 
ending 


Numeral 
shewing 
arj'ange- 
ment of 


24th Noy. 471 
472 


h, m. 

7 4,3 AMs 

8 13 

8 47 

9 24 

9 53 
10 26 
xo 51 
X 20 P.K. 

1 48 

2 14 

2 4C 

3 1 


4 17 

4 38 

5 o 

5 2^2 

6 44 A,M. 

1 14 

7 48 


SSthNov. 496 

497 



9 47 A.M. 
10 8 

10 30 

0 52 P,M, 

1 16 

1 4X 

^ 3 

2 26 

2 48 

3 i<5 

3 37 

4 2 
4 29 

4 50 

5 ^8 

<5 55 A.M. 
7 23 

7 51 

8 14 

8 40 

9 2 
9 29 

10 4.5 


The advanced-end of set No. 518 fell in excess {%. 
Cary’s brass scale with a pair of compasses. 

Height of sei, No. 518 above Station B = 1'6 feet. 
The terminal point of set No. 518 was the point of 


I Total — 23263 ‘9 I 

e. east) of the dot at Station B, 0'2631 feet, as measured 


26th Nov. j; 19 83-4 
^20 83 ‘i 

521 84 'o 

^22 83‘0 

623 817 

624 75'2 
52.? 73’2 

27th „ ^2(5 ^^8'2 

527 61 -2 

528 65-1 
329 72 '6 
530 747 


331 75 ’9 9 43 

332 77'o ro 8 
533 77‘<5 10 31 

334 78-4 10 58 

335 82'8 1 19 

335 82-9 1 39 

537 837 .23 
338 83-0 2 26 


2 43 P.M. 

3 8 

3 33 • 

4 o 

4 23 
4 48 
3 12 

6 49 A-M. 

7 19 

7 48 

8 39 

9 23 
9 43 


1 19 P.M. 

1 39 

2 3 
2 26 



origin for set No. 519. 
27tli Nov. 339 84-8 
340 83-4 
34 ^ 83-9 

342 84’9 
543 78-3 
3‘!4 77’i 

343 73-3 

546 73-9 

29th Nov. 347 63-2 
348 63-2 

549 <57'5 
350 70-2 

551 72-1 

5.^2 73 ’4 
333 75'° 

554 77'2 

555 79' -I 
55<5 80-3 

557 82'3 

558 82-0 


a 48 p.M. 
3 9 

3 30 

3 5° 

4 13 

431 


54 a.k. 



9 47 

10 13 

11 o 
II 30 

I 30 P.M. 


SOJOIJ^ I ^ ^ CT) crj CO CO co co co co wn co co ^ co co co co co co 



DETAILS OF THl' MEASUREMENT. 



JEJxtracts from iJie FwM BooJb — (Continued.) 


CD 

, DQ 

CD 

1841 

o 

il 

Temperature of Air 

Mean time of 
ending 

of bars used 

Height of Set above 
origin 

Humeral 
shewing 
arrange- 
ment of 

1841 

CD 

CO 

CD 

0, 

6 : 

tM 

0 

0 

1 

CD 

t 

H 

Mean time of 
ending 

M 

pi 

m 

eg 

Height of Set above 
origin 

Humeral 
shewing 
arrange- 
ment of 

TO 

s 

m 

Micros : 

TO 

Micros : 


0 

7 b. m. 


feet. 





0 

7 b. 711 . 


feet. 



29 th Nov. 5.19 

84-9 

2 16 P.M. 

6 - 

- 85-<5 

I 

4 

1 SndDec. 612. 

65-3 

714 A.M. 

6 

•/ 

— 48-6 

I 

4 

560 

86*4 

2 5 i 

(5 

837 

I 

4 


613 

67-5 

7 40 

6 

48-6 

X 

4 

561 

85'4 

3 17 

6 

82-8 

I 

4 


6X4 

70- r 

8 0 

6 

48-6 

X 

4 

S6i 

84*2 

3 39 

6 

82*1 

X 

4 


615 

72-9 

8 24 

6 

48-6 

X 

4 

563 

8 1*6 

4 a 

6 

81-3 

X 

4 


6x6 

75 ‘4 

8 45 

6 

487 

I 

4 

5*54 

79‘<5 

4 25 

6 

8o*3 

X 

4 


617 

77’2 

9 10 

6 

49-1 

I 

4 

5(^5 

76-0 

5 0 

6 

76*2 

X 

4 


618 

78-4 

9 30 

6 

50-1 

I 

4 

566 

71-4 

5 . 3,3 

6 

73-8 

I 

4 


6x9 

79-0 

9 53 

6 

5 ° '5 

1 

' 4 

30 th „ 567 

63'9 

6 50 A.M. 

6 

727 

I 

4 


620 

8o'o 

10 19 

6 

li'a 

I 

4 

568 

65-0 

7 . 19 

6 

71*2 1 

I 

4 


621 

81 'O 

10 42 

6 

5 ro 

I 

4 

5(^9 

Co '3 

7 42 

6 

69-8 

I 

4 


622 

8 I '3 

11 I 

6 

50-3 

I 

4 

57 ° 

69-9 

8 5 

6 

68'i 

I 

4 


62 3 

85 't 

I 27 P.M. 

6 

49-6 

I 

4 

571 

73 -0 

8 32 

6 

66-1 

I 

4 


624 

810 

I 50 

6 

48-6 

I 

4 

67 '^ 

74'9 

8 .17 

6 

640 

1 

4 


62 

84 '3 

2 1.3 

6 

48'o 

I 

4 

573 

76-8 

9 ^0 

6 

64-5 

I 

4 


626 

857 

2 39 

6 

47-8 

X 

4 

574 - 

787 

9 4<5 

6 

< 54'3 

I 

4 


627 

84-4 

3 I 

6 

47-6 

I 

4 

575 

8o*o 

10 3 

6 

63-8 

X 

4 


628 

85- ^ 

3 ^3 

6 

47-2 

X 

4 

57<5 

82*2 

10 26 

6 

63- 1 

X 

4 


629 

84-0 

3 44 

6 

457 

X 

4 

577 

82‘2 

10 50 

6 

63 'I 

I 

4 


630 

837 

4 7 

6 

45-8 

I 

4 

57 ^ 

8 6' 4 

I 

6 

63 • I 

I 

4 


63 i 

83-3 

4 a.? 

6 

44-8 

X 

4 

579 

88*4 

I .39 

6 

63-1 

I 

4 


632 

79'4 

4 49 

6 

447 

I 

4 

580 

89 '5 

2 2 

6 

63-0 

I 

4 


633 

77 '5 

5 

6 

43 '9 

I 

4 

581 

88-4 

2 28 

6 

60 '9 

I 

4 

3 rd „ 

<5,34 

63'! 

6 44 A.M. 

6 

42 '9 

I 

4 

582 

88-0 

2 54 

6 

60-3 

X 

4 


C35 

63-6 

7 H 3 

6 

41 0 

I 

4 


88'3 

3 15 

6 

6o‘2 

X 

4 


636 

66-2 

7 39 

6 

39’3 

r 

4 

584 

867 

3 40 

6 

59‘5 

I 

4 


<537 

68-9 

8 4 

6 

384 

X 

4 

585 

86-6 

4 9 

6 

59-5 

I 

4 


638 

7 : -4 

825 

6 

37’5 

I 

4 

586 

83 'O 

4 34 

6 

59 '^ 

X 

4 


<5,39 

737 

8 49 

6 

3 < 5 ‘3 

I 

4 

587 

79'5 

5 0 

6 

58-3 

I 

4 


640 

76‘a 

9 11 

6 

34-8 

X 

4 

588 

76'6 

5 23 

6 

57'2 

X 

4 


641 

78-1 

9 34 

6 

33 'C 

l 

4 

1 st Dec. 5 89 

6yx 

6 40A.M. 

6 

5 C >-5 

X 

4 


642 

79'4 

9 58 

6 

31 '3 

1 

4 

590 

68-1 

7 7 

6 

557 

I 

4 


<543 

8o-x 

10 20 

6 

30 '4 

\ I 

4 

591 

69-4 

7 3 '^ 

6 

547 

X 

4 


644 

8o-2 

10 44 

6 

29*0 

I 

4 

592 

717 

8 4 

6 

53 ’i' 

I 

4 


<545 

8x-4 

II 10 

6 

28’! 

I 

' 4 

593 

7 . 3 '9 

8 28 

6 

51-8 

I 

4 


646 

84' I 

1 40 p.ac. 

6 

27*0 

I 

4 

594 

76-1 

8 52 

6 

51-1 

X 

4 


647 

84-1 

2 4 

6 

2&1 

^ X 

4 

595 

78*0 

9 18 

6 

5°\3 

X 

4 


648 

847 

2 28 

6 

357 

I 

4 

59 ^ 

79*2 

9 38 

6 

49-1 

X 

4 


649 

847 

2 53 

6 

2i-i 

I 

4 

597 

8o'7 

10 2 

6 

48'3 

X 

4 


650 

8 ,r 9 

3 21 

6 

23 '4 

X 

4 

598 

81*4 

10 21 

6 

47 4 

I 

4 


65 r 

83*5 

3 46 

6 

22-8 

I 

4 

599 

82*9 

10 43 

6 

46-2 

X 

4 


652 

83'i 

4 10 

6 

22' 3 

I 

4 

600 

85‘.3 

1 3 P.M. 

6 

45 '9 

I 

4 


<553 

8o'o 

4 3a 

6 

22'2 

X 

4 

6OX 

85-0 

I 30 

6 

46’o 

I 

4 


C54 

78-1 

4 51 

6 

22-2 

1 

4 

602 

84*0 

2 I 

6 

4 < 5-3 

I 

4 


C55 

76-3 

5 J 7 

6 

22'0 

I 

4 

603 

85*1 

2 24 

6 

467 

X 

4 

4 th „ 

656 

61-4 

6 46 A.M. 

6 

21-9 

I 

4 

604 

86*9 

2 50 

6 

47-9 

I 

4 


657 

63-1 

7 9 

6 

21 '9 

I 

4 

605 

8 7 '.3 

3 1.3 

6 

48- X 

I 

4 


658 

< 55 'i 

7 33 

6 

21'5 

I 

4 

606 

88-0 

3 37 

6 

48'3 

I 

4 


C59 

68'x 

■8 0 

6 

20‘8 

I 

4 

607 

86-6 

3 58 

6 

48-5 

I 

4 


660 

74'4 

9 10 

6 

19-1 

I 

4 

608 

8 1 ’9 

4 23 

6 

487 

I 

4 





- 




609 

8o'i 

4 43 

6 

487 

X 

4 




Total 

— 

13351 



610 

78-1 

5 7 

6 

487 

X 

4 





. 




Snd „ 61 1 

65-1 

6 46 A.M. 

6 

48-8 

I 

4 










The advanced-end of set No. 660 fell in defect {i. e. Tvest) of the dot at East-End 01792 feet, as measured on 
Cary’s brass scale with a pair of compasses. . 

Height of set No. 660 above East-End = 1'6 feet. 





EIDER BASE-LINE 

Eeduetion to Mean Sea Level. 


Let the sections into which this base-line is divided be denoted as follows : 

West-End to Station A by Section I; 

Station A to „ B „ II ; 

„ B to East-End „ III ; 


Then in the notation of ( 7 ) page I«.^^ we have 



: 1980; 1 

I-I 

1 

11 

; Ih 

= — 

2*4 ; Log. E = 

7-31990, all 

in feet; 

and n = 

660. 




a 

n 

dh 


X 

0, 


C 









+ 



Section 

I ... 

I 2!!79 

0 

244 

0*9 

12389 

15373 

•0374 

1*4372 

1*4198 


11 ... 

43264 

0 

274 

I’O 

23648 

17263 

■0713 

1*6364 

1-5651 


Ill ... 

7336 

0 

142 

o ‘5 

7642 

8947 

•0230 

0*8481 

0*8251 


Final length of the Base-Line and of its parts in feet of Standard A. 


Section 

Measured mi 

th 

Reduction 
to sea level 
as above ^ 

Total Length 

Log. 

Compensated 

bars 

page 

Compensated 

microscopes 

pagoiy_j^ 

Beam 

compass 

pages 

IV_ to 
-19 1 

IV__ 

23 

! 

W. End to Stn. A 

146407445 

732 ’ii 89 

+ *1033 

— 1*4198 

i537i'54<59 

4*18671,7574 

Stn. A to Stn. B 

i644o'836o 

822'I352 

— *2631 

- 1*5651 

17261*1430 

4*23706,9566 

Stn. B to E. End ... 

8520*4332 

426*0703 

+ *1792 

— 0*8251 

8945*8576 

3*95162,1981 

W. End to E. End ... 

396 o 2 'oi 37 

i 98 o ’3244 

4 ’’ *oip 4 

— 3’8 ioo 

41578-5475 

4*61886,9314 






EIDER BASE-LINE. IV_ 

Venjicatory Minor TriangiiUtion. 


© 

tH 

0 tJJO 




1 

Distance in 

0 

. bJO 

* 

0 & 

Name of Station 

Corrected Angle 

log. Sino 

Log. Distance 

Poet 

Miles 

s.i 

1 

West-End of Base, 

Station A, 

?) 

s] 38 j 5 ‘ 97 ^ 

59 19 4'ioi 

I 59 ‘ 95 i 

97^6.531782 

9 ' 934 . 5 o 394 o 

9-998366246 

3- 953883110 

4- 122855268 
4-186717574 

1537174^9 

2*911 

// 

—0-604 


. 

180 0 o'oaS 






2 

Station a 

„ A, 

;» ^ 

6^4.2 8 ' 45 o 
82 2,3 7'o83 
31 54 44 ' 49 ° 

9-959718617 

9-996153218 

97^314473^ 

4-190456991 

4-226891592 

3-953883110 



+0-384 



180 0 0-033 






3 

Station A, 

» ^ 

„ B, 

38 17 47-754 
79 37 43-242 
62 4 29-043 1 

9-792204194 

9'992845758 
9-946235639 1 

4 ' 03 ^ 42554'5 

4-237067110 

4-190456991 

17261-0460 

3-269 

-0-472 



180 0 0-039 






4 : 

Station 

„ B, 

„ y ... 

33 46 10-76(5 
(58 44 32-or7 
77 29 17-232 

9-744961863 

9-969396658 

9-989561538 

3- 791825871 

4- 016260666 
4-036425546 



—1-270 



180 0 0-013 






5 

Station B, 

» y 

East-End of Base, 

49 II 1-120 
87 5 n-209 
43 43 47 -< 58 i 

9-878985996 

9-99943^51 

9-839641259 

3-831170608 

3-951622863 

3-791825871 

8945'8738 

1-694 

-0-741 



180 0 0-010 


Sum 

41578-4687 

7-874 



Noth. — E acli side of a triangle is given in tho same horizontal line with, the angle wliioli it subtends. 

The angles of the verificatory triangulation were measured with a 3-foot Theodolite 
(either the one byTroughton or that by Barrow) read by 5 micrometer-microscopes. At all the 
stations 3 measures were made on each of 8 zeros. The stations on the line are W. End, 
A, B, and E. End. The auxiliary stations are a, ^ and 7 . 





IV. 


EIDER BASE-tllOI 


'26 

Comparison in feet between the values computed by means of the verificatory trianffulation 

and the measured value. j s 


0/ iJiR entire line. 

West-End to East-End by the measurement, page IV__ 7 Zo^. 

i 4 i 578'5475 4’6i8 869 314 

« computed in terms of West-End to Station) 

A page IV r4i578‘4687 4-(Si8 868 491 

) 

Log. computed value — Log. measured value = — o'ooo 000 82.3 


In terms of the entire line by measurement. 



Compufed 

Computed 



Moasuretl* 

West-End to Station A ,,, , 

i537i'57^o 

■+-0‘039I 

Station A to Station B . . . . 

I'jaSroySy 

— 0*0643 

„ B to East-End .... 

8945’89a8 

+ 0*0353 


Of each section in terms of the others. 



Weat-Eiid 
to Station A 

Station A to 
Station B 

Computed 

Measured 

Station B to 
East-End 

Computoci 

Measured 

Measured lengths* 

15371-5469 

17361-1430 

• • • • 

3945-8576 

» * mm 

Computed on base 

W est-End to Station A 

^ .. .. 

17361-0460 

— -0970 

3945'3758 

+•0183 

Computed on base *1 
Station A to Station B J 

^ .. .. 

• • * • 

• • • • 

' 8945-9364. 

+ -0688 


Note.— S ince Log^(a; + dx) = Log^a: + 4. Jtc, 

dx = ^Logj^o (x + dx) — Logjg nearly, by which expression the required 
variations in tlio foregoing natural numbora have boon calculated. 



BIDER BASE-LINE 

Description of Stations. 



WEST-END OP BIDER BASE, Lat. 17'* 58', Lonjr. 77’ 34', is situated on tlie lands 
of Marcal village ; pargana Bider of the Hydrabad district (Nizam’s dominions). The circnin- 
jacent places, with their distances and bearings, are as follows ; Bider fortress 2 miles S, ; 
Gadgi village 1’4 miles S.E. ; the Mansoleuni near Eatcpur 1*5 miles N.E., and Bankeli village 
nearly 1 mile N. The station is not on the highest part of the ridge, having been selected at 
a lower level for convenience in measuring the base-line. 

The following description is taken from the original record by Colonel Everest : — 

“The platform ia 16' 9 inches lugli, with a foundation of 21 '5 inches on basalt rock. Tho (li.stanco bo- 
“ tween upper and lower marks is 21‘4 inches ; the marks are dots engraved on brass pings, fixed in long basalt stoium 
“by means of lead. The pier for the great theodolite is of stone masonry 4 feet in dianuiter and circninscriljuil by an 
“ annulus also of masonry, by which it is isolated from the rest of tlie platfonii. Tho rock in din occum II iilches 
“below the surface of the ground, and therefore the footing of the pier has boon sunk 18‘.1 indies into tlie ruck : tho latter 
“is a basaltic trap of a friable nature, readily splitting into small rliomboidal fragments, and on account of this pccu- 
“liarity of structure it was impracticable to mark tho rock itself.”* 

EAST-END OF BIDER BASE, Lat. 17’ 54', Long. 77’ 30', is situated on tho lands of 
Malgi village ; pargana Bider of the Hydrabad district (Nizam’s dominions). Tho village 
of Malgi is about 1 mile W. of the station and tho town of Bider some 5 miles to tho W.N.W. 

The following description is taken from the original record by Colonel Everest 

“The platform is 17 inches high, and constructed on tho isolating i)rindple, tho pior and atmultm being 
“both of stone masonry. Thcro are 3 marks in the pior; an upper mark, 17 indius ahovo ihe ground, and a mlddlo 
“ and lower mark at 4 inches and 33-75 inches respectively below tho surliico. Tim marks are engiuvod ou brass plif'S 
“ fixed in long basalt stones.”* ■ i o i 

STATION A.* Is on the line and 2*934 miles from the Wcat-Eiid.; and is situated on 
a gentle swell of land, about a quarter of a milo north of the small village of Sholapur. 

The station is marked by a dot on a silver stud lot into a slip of brass imbedded in stone. 

STATION Is on the line and 1*744 miles from the East-End, and is situated on a 
swell in the fields N.W. of Malgi village. This swell is the on 
trisectional division of the base. 


ly ground available for the 


The station is marked precisely after tho method adopted for station A, 

AUXILIARY STATION a on BIDER FORT, COUNTERSCARP OF DlTCH.^ This 
is the only position available for the minor triangulation. The ditch of tho fort has been 
excavated in the iron-stone rock, leaving a ridge 14 feet thick at the edge of the hill. Tim 
village of Mamankheri is N. 30’ W. f mile; Hamelapiir N. 39° E. 1 mile’; Mirganj N. 5G’ E. 
i mile; Agrar N. 81’ E. i mile ; Waldodi, N. 118° E. 4 mile. 

AUXILIARY STATION ^ on MALKAPUR HILL.’’’ The village of Malkapur is 
situated between two isolated hills of trap formation, capped with iron-stone. There are fakir’s 


• Taken from pages 72-74 Everest’s Meridional Ai-o of India, 1847. 
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Description of Stations — (Continued.) 

tombs on both these hills ; one of these tombs offered no obstruction, but the other occupied the only 
available ground at top, and therefore the station has been placed on the northern face of the hill. 

AUXILIARY STATION y or MALENA,* This station is at the foot of Malena hill, 
connected with that on which Malgi Gr. T. Survey station is fixed, and it is of the same geologi- 
cal character. ° 


* Taken from pagea 72-74 Erereat’s Meridional Arc of India, 1847. 


J. B. N. HENNESSEY. 



SONAKHODA BASE-LINE. 
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SONAKHODA BASE-LINE 


a 


The middle point of this base-line is in Latitude K. 26° 17', Longitude E. 88 ° 17'; 
the Azimuth of Ramgunj or North-East End at Sonakhoda or South-West End is 233° 57', and 
the line is 6'95 Miles in length. 

The measurement was effected under the directions of Lieut.-ColoneP A. S. Waugh, II.E .9 
with the aid of the following : 


Captain T. Renny, R.E. 
Mr, G, Logan 
„ C. Lane 
„ H. Keel an 
„ T. Olliver 
„ J. W. Rossenrode 
„ J. B. N. Hennessey 
„ J. 0. N. James 
„ J. H. Lawrence 
„ A. T. Haycock 

Lawler 

Mir Siud Mohsin 


* STow Q-eneral Sir A. S. Waugh. 



SONAKHOBA BASE-LINE 



INTRODUCTION. 


This base-line was measured on the stretch of level ground which lies between the 
villages of Sonakhoda and Ramganj in the Purneali district, province of Bengal. The line was 
selected and prepared for measurement under the immediate directions of Lieutenant-Colonel 
A. S. Waugh, R.E., who was assisted in the selection by Lieutenant R. Walker, R.E. 

The measurement was commenced at Sonakhoda or South-West-End, bar-tongues point- 
ing North-West, and carried on contimoiishj to Ramganj or North-East-End, so that every 
succeeding set originated at the point marking the terminus - of its predecessor. The line wag 
divided into 4 sections by the sub-dividing points A, B and C, to admit of verificati on by minor 
triangulation. 

The compensated bars were compared with the standard A before and after the mea- 
surement, as w4s customary at all the preceding base-lines ; and they were also similarly com- 
pared for the first time about the middle of the measurement, a procedure which was adhered 
to at all the subsequent base-lines. On all these three occasions of comparisons, the comparing 
piers were set up parallel to and within a few feet of the line, but before the measurement near 
the South-West-End, the ends of the bars were reversed to obtain a more favorable light, so that 
the bar-tongues pointed South-East during these comparisons. After set No. 291 the comparing 
piers stood in the vicinity of Section Station B, and after the measurement they were placed 
near the North-East-End : on both these occasions of comparsions the bar-tongues pointed North- 
West as they did during the measurement. 53 comparisons were made before the measurement, 
60 after set No. 291 at B and 80 after the measurement had been completed. 

One of the comparing microscopes employed in the preceding bar comparisons was fitted 
with a- micrometer, while the other had its wires (or lines) fixed. 

The compensated microscopes were compared with their scales on 6 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

In respect to time, the first set of bar comparisons was made on the 27th November 1847, 
the last on the 21st of the following January. 

. The stations of the verificatory triangulation were 9 in number, forming a single series 
of triangles. Of these stations, 5 were in the alignment, viz. South-West-End, A, B, C and 
North-East-End, while the auxiliary stations a, yS, y and S were placed on suitable sites North- 
West of the line. The angles were observed by Mr. 0. Lane with Troughton’s 3-foot theodo- 
lite at 8 equidistant zeros ; three measures were taken on each zero so that 24 measures in all 
were made of each angle. 



SOMKHODA BASE-LINE 


Comparisons Idween ihe Standard Bar A and the Compensated Bars A, B, C, D, E H made at 
SonaJchoda^ or South'^ ’'^^est^^JCnd the "hasedme^ hefore the measnrememit % 


MiCEOMEIEB BeADIITGS IK Divisioks 
1 Division = ^ - Cary’s Inch [7.8]^ 1-2851 »».y of A 


BCD 


© nd 

m ^ 

00 

o PI no 

S ftS 

=S ffrO 

^ a 
a 8 


Bemabes 


h 

m 

0 

0 

4- 

+ 

+ 


7 

45 A.M. 

I 63*5 

60-85 

' 101*0 

268*5 

247-1 

264-9 

8 

39 

2 65-7 

61-60 

115-5 

266.0 

250-0 

269*9 

9 

19 

3 68-7 

63-20 

144-5 

269*1 

250-0 

270-7 

9 54 

4 71-2 

<55 ’i 5 

178-5 

267-2 

247-5 

270-8 

10 

25 

5 73-3 

67*10 

2II-1 

269-8 

247-1 

273-1 

10 

53 

6 74*8 oS'Sj 

238-5 

269-0 

249-1 

273-1 

I 

3 1 P.M. 

7 79-2 

77-30 

370-2 

241-5 

241*7 

279*9 

2 

I 

8 79-1 

78-18 

384-3 

239-1 

240-3 

275*0 

2 

31 

9 78-8 

78-78 

394-<5 

246-1 

240-2 

272*0 

3 

0 

10 78-3 

79-03 

399-0 

251-0 

241-0 

272-0 

3 

30 

II 77-6 

79-15 

399-1 

256-0 

243*7 

267-1 

3 

59 

12 76-8 

79-13 

395-7 

260-7 

244*0 

269-5 

4 

28 

13 75-2 

78-30 

389-1 

260-1 

247-1 

270-3 


6 56 A.M. 

7 S 3 

8 5 

8 37 

9 6 

9 32 

9 59 
10 26 
10 50 
I a3l'.M. 

1 46 

2 12 

2 38 

3 I 
3 25 

3 50 

4 II 
4 34 

7 3 A-M. 
7 28 

7 51 

8 13 
8 33 

8 55 

9 17 

9 40 

10 2 

10 22 
10 41 


14 60-3 

15 62‘7 

16 65'7 

17 68-5 

18 7 o '7 

19 72'4 

20 737 

21 75'o 

22 75-9 

23 77-9 

24 78’i 
^5 78‘3 

26 78'i 

27 77-8 

28 77-3 

29 76-5 

30 75-6 

31 73-5 

32 58-0 

33 59'2 

34 6i-2 

35 ^2-8 

36 64-0 

37 < 55*6 

38 67-6 

39 69-1 

40 70-5 

41 7i“9 

42 727 


58 'io 

58 - 45 

59 - 03 

59-<55 

6o’6o 

6175 

63-05 

< 54-45 

65 - 68 

66- 8o 


73-r 

75- a 
917 

114-2 

139-3 

168-4 

197-2 

224-8 

249-5 

329-8 

339-4 

350-3 

359-1 

364 - 7 

365 - 9 

364-4 

362-2 

355-3 

29 - 3 

30- 2 

37-9 

48-8 

59-7 

76- 0 
98-1 

121-0 

143-4 

164-6 

184-7 


249- 8 

253 - 6 
255-0 

254- 0 
252-1 
252-1 
252-1 
250*0 

250- r 

247-2 
246*3 

244- 2 

245 - 3 

246- 8 

242-5 

244-0 

247- 2 

246- 1 

241- 8 
248*2 

248- 4 
249*0 

247 - 3 

248 - 7 

248*0 

246-4 

246-3 

248-3 

242- 8 


230*6 

235-4 

235-2 

233-4 

233 - 0 
231-8 
231-8 
230*0 
231-2 

234- 8 
233-0 
233-2 
232*0 
230*6 
228-3 
226-8 
228-1 

231-3 

222'5 

225-4 

222*0 

228-2 

224 - 5 

225 - 0 
228-5 

223 - 3 

224 - 5 
222-7 
226*5 


259 - 0 
258-8 

260 - 7 
266*0 

264-0 

261 - 0 

261-3 
260-5 
258-2 
257-8 

257 - 3 

258 - 0 

245-8 

247 - 2 

248 - 8 

247-3 

244 - 9 

248*0 

249*2 

245 - 8 
252-8 
251*8 

^54-9 


4* 

291- 0 

294 - 5 

292- 8 
295.0 
296-0 

296- 2 

304-9 

300-1 

297 - 3 

295 - 9 

291-7 

294- 0 

295- 0 

275- 6 

278- 2 

279- 2 

279- 8 

282- 0 

280- 3 
280-0 
280-4 

280- 5 
289-1 
286-5 
28a -5 

283- 1 

278- 4 
2787 

279- 7 
279-8 

281- 1 

264-8 

262-3 

269-8 

267-5 

267- 2 

268- 0 
270*0 
270*8 
272*9 

276- 4 
274*2 


+ 

260-5 

266*0 

265-0 

265-9 

269- 0 

270- 0 
272*1 
269*3 
266*2 
264*9 

262- 8 

263- 1 
260-0 

240*0 

244*6 

248*0 

246-1 

246*1 

^52*5 

251-1 

249-8 

249‘5 

254‘5 

254- 8 

255 - 8 
251-3 

249*6 

248-4 
248*0 
245-8 
245 ’4 

230*6 

230*8 

238-2 

236- 7 

2347 

237- 8 

242- 2 
240-3 
244*0 

243- 5 

248*2 


■H" 

263- 9 

264- 0 

264-4 
266*2 
267*2 

266-0 

257-9 

253-5 

253-2 

253-0 

249-1 

251-0 

251-0 

246*2 

249-0 


250*6 

248*8 

249-0 

248*2 

242*8 

245-1 

242*0 

239‘5 

239- 7 

236- 7 

237 - 5 

237-0 

235-4 

236*0 

237-3 

240- 2 

242- 5 
338-3 

241 - 3 

242- 8 

243 - 3 

243- 8 

243-1 

242*2 


+ 

266*0 

268-4 

268*7 

268*8 

270-4 

270*6 

266-3 

262*9 

262*5 

263*0 

261*7 

263*7 

263-9 

248*7 

252- 9 

253 - 8 
253-2 

253 - 6 

254 - 4 

253-8 

2<Vo 

253-4 

^55- 7 

255 - 0 
253-1 

252-1 

250-9 

248*8 

249*0 

249-2 

249*6 

240*3 

241*9 

244*6 

245*2 

242*8 

244- 8 
246*8 

245- 0 

247-4 

247- 6 

248- 1 


Foggy monimg. 

I No clouds, 
j Capt. Waugh at 
the micrometer 
micros : Capt. 

! Benny at the 
plain micros. 

Sky cloudy. 


Capt. Benny at 
the micrometer 
microscope ; hir. 
Logan at the 
plain micros- 
cope. 


Mr. Logan at 
the micrometer 
microscope ; Mr. 
Keelan at the 
plain micros- 
cope. 



BAR COMPARISONS 


V. 


■5 


Before the measurement — (Continued.) 


I 



Mioeometbe Kbadings in Divisions 

1 Division = Caiy’s Inch [7.8], = 1*2851 m.y of A 

.Zluva 4 


Mean 



<M M go 

A 

ABODE 

H 

O w a 

atS 

s a 

as 


% 

^ 0 0 

+ 

+ 

4 * 

+ 

+ 

■f 

I 

19 ^-M* 43 75*7 73*40 

286*8 

235*2 

223*3 

254*0 

273*5 

241*8 

I 

40 44 76-3 74-00 

^ 95*4 

232-3 

2^3 ‘a 

254*7 

272*0 

239*5 

I 

58 45 7^*3 74*43 

300*6 

230-3 

218*2 

251*2 

270*0 

238*3 

a 

15 46 76-2 74*90 

306*2 

234-0 

220*8 

251*8 

272*0 

240-0 

2 

35 47 76*5 75*30 

311*3 

235*3 

222*0 

252*0 

271*8 

239*3 

2 

57 ' 48 75*9 75’55 

314*9 

236*7 

219-9 

250-2 

269*0 

239-8 

3 

19 49 75*6 75-73 

317-2 

238-3 

220*0 

245*7 

271*0 

236*8 

3 38 50 75 ‘9 75-83 

318-5 

237*3 

222*2 

248*3 

271*3 

237*0 

3 55 51 75‘<5 75*85 

320*3 

240*0 

2 3 8*3 

248*7 

270-8 

235*7 

4 

13 5 ?- 74-7 75-88 

322*2 

235*5 

218*5 

244*3 

268*5 

235*3 

4 31 53 74*0 75*83 

320*6 

238*2 

218-5 

244.6 

267*1 

234*0 


+ 

23 fo 

23 1 '8 
ai^'o 
a^o’o 
229-3 
228-8 
226'-! 
2277 
m ’5 


+ 

Mrs 

242-1 

m ‘7 

241-7 

241*6 

240*9 

240*2 

240*8 

239‘9 

237*6 


ItBlIiBKfi 


Means 70*07 238*74 248*13 231*27 257*88 280*00 248-69 243*93 251*65 






^“6 SONAKHOBA BASE-LINE 

Before the measurement — (Continued.) 

by and the omn^.eMtte*rbmTT S^whe^tW* ^ 

Then, the e^^sion of A for r being (T- S, ^htTO ’ 


X 


(f - 62°) (1’ -dl!,)-S = o 


_ Treating the preceding bar comparisons as shewn in this eonatinn w« u - 
iBg senes of results ^ equation, we obtain 


the follow- 



i dE ^ J — i 6 ^’o = 0 

^+ 4 , *40 


-152-9 = 0 

a— 1*30 

S ) 

— 124-2 = 0 

a?- 3-15 

)) 

- 90-3 = 0 

X — 5*10 

h 

- 59*3 = 0 

x — 6*85 

i ) 

^ 3ri = 0 

15-30 


+ 103-9 = 0 

a?-*i 5 -i 8 


+ 121*4 = 0 

a?— 16-78 

n 

+ 132-1 = 0 

1 

d 

h 

+ 136-0 = 0 

«-i 7 -i 5 


+ 137-4 = 0 

a?— 17-13 


+ 132-0 = 0 

a?— 16-30 

)) 

+ 125*3 = 0 

a? 4- I -80 

3 > 

-175-6 = 0 

a? 4 i-6a 

39 

-177-7 = 0 

a?+ ‘85 

93 

-162-1 = 0 

a?~ .33 

33 

-139-0 3 = 0 

a?— 1-78 

33 

-114-3 - 0 

ss - 3-43 

33 

- 86-0 = 0 

a?- 5-33 

33 

— 56-6 = 0 

a?— 6-98 

33 

28*2 = 0 

a?- 8*43 

33 

- 3*9 = 0 

a?- 13-53 

33 

+ 74*1 = 0 

a?— 14-15 

33 

+ 84-4 = 0 

a?- 14-80 

33 

+ 97-2 = 0 

15*35 

33 

+ 107*0 = 0 

a?- 15-73 

33 

+ 113-8 = 0 


15-93 

f^a + 117*1 = 0 

a?- 15-95 

33 

+ 115-4 0 

a?— 15-88 

33 

+ 113*0 2e: 0 

fl?~i 5-65 

33 

+ 105-7 = 0 

x+ 3-92 

33 

— 211-0 != 0 

x+ 3-90 

33 

— 2II'7 = 0 

3*55 

33 

-206-7 s= 0 

a?+ 2-97 

33 

-196*4 = 0 

x+ 2-35 

33 

-183-1 = 0 

a?+ 1-40 

33 

— 158-8 = 0 

a?+ -35 

33 

-148*7 = 0 

a?- 1-05 

33 

— 124*0 = 0 

a?- 2-45 

33 

— 104-0 = 0 

X— 3-68 

33 

— 83*0 = 0 

X~ 4-80 

33 

- 63-4 = 0 

a?— n-40 

33 

+ 43*3 = 0 

a?— 12*00 

33 

+ 53*3 = 0 

a? -12-43 

33 

+ 60*9 = 0 

a?— 12-90 

33 

+ 64*5 = 0 

a?-i 3 - 3 o 

33 

+ 69-7 =S 0 

^-13*55 

33 

+ 74’o = 0 

^^-13.73 

33 

+ 77*0 == 0 

a?- 13-83 

33 

+ 77*7 = 0 

a?- 13-85 

33 

+ 80*4 =r 0 

a?- 13-88 

33 

+ 83-9 = 0 

a?- 13-83 

33 

+ 83-0 = 0 



BAR COMPARISONS 


V. 


'7 


Before the measurement-~-{(jontimQL) 

And from the mean of these results, 

x = i2‘9i + 8*07 (E^ - dE^) : 

adopting the original value of the expansion of A given at page ( 9 ), 

m.y d 

= 32-67 = 

d 

and X = i55’27 — 8*07 dE^ = 199*54 — 8*07 = l — A ; 

where L denotes the mean length of the compensated bars obtained from all the comparisons, 

d 

as represented by the mean micrometer reading 251-65, page 

5 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following : — 



Also combining the values in this table with the equivalent of L- A above determined, 
there result, 


d 

A - A = iKviK 
B - A = 134-89 
C - A = 161-50 
D — A = 183-62 
E - A = 152-31 
H- A = 147*55 


8-07 dB ^ = 195-02 
» = 173*35 

» = 307*55 

» = 335*97 

„ =195-74 

„ = 189-62 


8-07 dBa 


and 6 ic = 1197*2 — A^'A^Bl^, 






SONAKHODA BASE-LINE 


Comparisom "between the Standard Bar A and the Compensated Bars k, B, C, I)^ E, H, 
made on a site selected about the middle of the base-line, after set No. 291. 


h 'Iflfb 0 0 

29th I 44 p.M. I 737 68-55 

2 10 % 73-7 69-38 

a 30 3 737 <59-98 

a S ° 4 737 7 o ‘5° 

3 10 5 73-5 70-95 

3 47 6 72-9 7,1-68 

4 9 1 7a’3 7i‘9o 

4 33 8 71-8 72-03 


7 51 A.M. 

8 29 

8 59 

9 H 

9 47 

10 6 
10 25 
10 46 

I 23 P.M, 

1 44 

2 4 
2 34 
2 45 


9 53 ’0 
10 54-4 
ir 56-2 

12 58-2 

13 60-0 

14 61 -6 

J5 <53 '3 

16 64-8 

17 71-0 

18 71*7 

19 72-0 

20 72-4 

21 72-3 

22 7 i ’9 

23 71-8 

34 7 i ‘5 

35 7 i ’4 

26 70-8 


154-20 

54 ’o 5 

54'25 

5470 

55‘35 

5 < 5'13 

56-08 

58-03 

65- 48 

66- 48 

67- 40 
.68-25 
69-10 

69- 70 

70- 18 
70-58 
70-80 
70-93 


7 10 A-M. 37 52-8 55-63 

7 33 ^8 52-9 55-28 

7 55 ^9 54'3 55'03 

8 15 30 55'9 54-98 

8 35 31 57-3 55‘io 

8 53 33 58'<5 55-38 

9 13 33 59‘8 55-75 

9 38 34 61-4 5<5-55 

10 o 35 62-6 57*35 

10 21 36 63-8 58-20 

1,0 42 37 65-0 59*10 



MiaE'OMETilE EEADISraS IH 

1 Divisiott = Cary’s Inch [7.8], = 

Divisions 

1*2828 m,y of A 


Mean 







5 tJ 

•gig 

A 

A 

B 

C 

D 

E 

H 

fl § § 

.ij s 
a I 

+ 

+ 

+ 

+ 

•+ 

+ 

+ 

+ 

301-6 

298'3 

288*6 

317-3 

346-0 

324-5 

307-2 

313-7 

317-0 

309*7 

293-5 

325-1 

351-3 

327-8 

317*0 

320-7 

326-9 

3t4’5 

292-3 

328-6 

354-8 

328-6 

320*0 

323-1 

334-9 

320-0 

297*8 

328-6 

351-8 

328*8 

323-8 

325-1 

343 '9 

324*3 

303*^ 

329-6 

358-6 

331-8 

323*8 

328-6 

362-6 

335-0 

315-0 

344-0 

369-0 

341*8 

334-0 

339-8 

3<55'5 

341-0 

318-0 

346-1 

371*4 

346*2 

334-3 

342-8 

366-8 

339-6 

321*0 

349*6 

370*0 

345-0 

336-8 

343-7 

89-5 

3617 

341-1 

369-1 

385-0 


358-7 

361*4 

89-4 

365-0 

338-2 

364*2 

383-2 - 

355-6 

359-8 

361-0 

94-9 

367-0 

341-5 

364*2 

385*6 

354-8 

358-6 

362*0 

104-4 

358-0 

329*0 

363-1 

381-0 

351*6 

354-2 

356-2 

115*7 

355’o 

328*3 

359-° 

376-2 

350-a 

350-8 

353-3 

128*5 

351*7 

320*6 

353-0 

375*3 

349-a 

347-8 

349'6 

142-7 

347-5 

318-3 

352-6 

372-8 

347‘3 

344-0 

347-1 

160*0 

3.39’8 

314-8 

346-2 

367-3 

344-0 

342-0 

342-4 

310-6 

372-5 

352-0 

383-1 

411-3 

382*7 

369-0 

378-4 

328-2 

367-4 

350-8 

382*5 

410-1 

386-1 

370-6 

377-9 

344-4 

369-0 

356-8 

388-1 

413-7 

387*1 

376-8 

381-9 

359‘3 

368-0 

355-1 

389-0 

413-8 

389*6 

378-3 

382-3 

371-4 

375-5 

379-6 

356-a 

389-6 

412-8 

389-6 

379-3 

383-8 

380-2 

360*0 

392-4 

413-8 

392-1 

381-2 

386.5 

386-5 

380-1 

363-4 

393-8 

416-0 

388-0 

381-6 

387-2 

390-9 

385-1 

362*8 

396-2 

419-2 

390*8 

382-0 

389-4 

393-8 

388-0 

361-5 

394-8 

417-0 

389-1 

381-3 

388-6 

394'3 

389-8 

367-0 

394-2 

418-3 

390-2 

382-0 

390-3 

143-8 

393-0 

370-8 

394-1 

413-2 

382-9 

394-1 

391-4 

139-0 

398*3 

373-0 

396-5 

417-1 

384.0 

39^-5 

393-6 

138-9 

402-5 

376-5 

399-5 

416*8 

389-3 

393 -a 

396-3 

139-7 

397-8 

373-0 

396-7 

417-5 

389*2 

395*5 

395-0 

143-7 

402*9 

378-0 

401*0 

422-0 

393*6 

394-8 

398*7 

148-8 

400*2 

376-9 

401*2 

420-9 

393-7 

395-2 

398-0 

156-2 

400*0 

372-0 

397-9 

421-0 

390*3 

391*1 

395-4 

170*2 

397*4 

372*8 

400*3 

421-5 

39^*5 

390-9 

395-9 

183-7 

3957 

366*0 

393-8 

415-7 

389-5 

388*8 

391-6 

195-3 

389-2 

363*2 

392*0 

412-3 

384*5 

382*2 

387-2 

207*9 

380-5 

355*7 

385-7 

407-7 

383-3 

375'9 

381-5 


Bshabks 


Capt. Eenny at I 
the micrometer 
microscope; Mr- 
Keolan at tlio 
plain microscope. 


Very foggy- 


Cloudy, 


Mr. Iiogan at 
the micrometer 
microscope : Mr. 
Keolan at the 
plammioroscope. 



BAR COMPARISONS 


After set JS^o. 291 — (Continued.) 


< 


< 


1847-48 

Dec. 

& 

Jaa. 


tlO 

-a 

© 

OQ 

o 

'S 


<D 


a 


eg 


I 






<D 

Oi 

I 

B 


a 

© 

P4 

s 

I 


rd 

pi? 


I 


Miceombicbe EnABiirGS IK Divisions. 

1 Division = Carry’s IncU [7-8], = 1'2833 m’y of A 


Mean 

A A 


B C 


D E 


o Td 
jd © 


H 


o g s 


a 


h. m. 

3 Ist I lOP.M. 
I 26 

1 4a 
a I 
a 20 

■a 38 

2 58 

3 30 

3 38 

3 55 

4 la 

4 39 

1 st 6 57 A.M. 
7 20 
1 43 
8 3 
8 aa 
8 40 

8 59 

9 18 
9 41 
10 II 

10 35 


38 71 '3 <54*73 

39 7a'o <55-38 

40 72*2 65-03 

41 72-7 66-75 

42 73-2 67-55 

43 73 '3 68-30 

44 73-3 69-05 

45 73 ’3 69-68 

46 73-2 70-13 

47 7a‘9 7 o '48 

48 72-5 70-75 

49 71-8 70-98 

50 53*9 5<5’68 

51 53 '6 56-35 
5a 543 56'o8 

53 55'7 55‘98 

54 57'o 56 'oo 

55 58’4 56-05 

56 60-0 56-38 

57 6 1*5 56-80 

58 63-3 57-53 
ig 6<-o <8-60 
60 6^-8 59-58 


Means 62*70 


4- 

+ 

297-7 

376-1 

309-0 

371*3 

320*6 

370-3 

332*4 

368-3 

344*9 

373-5 

356*4 

378-3 

367-9 

381-2 

376-9 

379-1 

383-2 

382-7 

388-0 

380-0 

391*4 

384*7 

395*3 

387*0 

160*1 

399*9 

154-8 

400-8 

154*1 

403*8 

156-2 

408-5 

157-6 

407-2 

161-4 

407-2 

168-7 

404-0 

176-5 

405-1 

189-6 

400-9 

205-8 

392*0 

220-2 

391-3 


4 * *+- 

356- 3 387-2 

351-5 386-4 

350-3 379-4 
348-3 383-0 

350-8 387-7 

357- 0 389-2 

354-2 389-5 

362- 3 394-3 

361-5 395-3 

359‘3 392-1 

360-1 393-7 

361*2 396-2 

368*0 392*8 

37a-.o 400-4 

375*8 399*9 

376-3 408-4 

375*4 402-8 

379*5 404*8 

376*4 407-0 

374-2 402-8 

368-7 398-5 

364-8 394*8 

363- 2 394*3 


+ + 

404- 2 384-a 

405- 2 383-5 

404-1; 38 1-6 

407-5 382-9 

407-5 384-3 

414-2 387-5 

414-0 389-7 

412- 4 304-0 

413- 2 393-7 

412-8 386-7 

416-0 392-0 

416-8 390-0 

418-5 386-8 

420-4 390-9 

423- 5 394-9 

423*4 397-8 

422*8 394-6 

426-5 392-2 

424- 1 398-4 

422-2 394-3 

421*0 393-8 

416-8 384-0 

413*3 387-3 


365- 9 379*0 

369*3 377*9 

366- 4 375-4 

369-0 376-5 

373*4 379-5 

376- 5 383*8 

375*5 384*0 

377- 4 386-6 

379-0 387-6 

377-5 384*7 

379*9 387*7 

379-2 388-4 

390- 4 392-7 

394-7 396*5 

394- 7 398-8 

3qC2 401-6 

397-7 400-1 

395- 4 400-9 

393- 2 400-5 

394- 7 398-9 

391*4 395*7 

391- 3 390-6 

383-0 388-7 


254*00 375*23 351*53 381-39 403*20 376*72 371*66 376*62 



Ebmaeks 




t: 


SONAKHODA BASE-LINE 


AfteT set 1 ^ 0 , 291— (Gontinued.) 

As on page we liave 

a? - ~ 6a^) {E^ ^ ~ S = o ; 

md from ili0 preceding bar comparisons, we obtain tbe following series of results 


ae- 

■ ^‘55 


d 

la-i = 

: 0 

a?*— 

■ <5-90 (^a 


d 

,) -355-0 - 

: 0 

v— 

■ 7’$B 


- 37 = 

: 0 

a?— 

• 6*63 

39 

- 349*3 = 

0 

ip— 

• 7 ’ 9 S 


4- 3-8 = 

: 0 

a?— 

• < 5*35 

39 

-339-3 = 

0 

ap-. 

8-50 


+ 9*8 = 

0 

a?— 

5*45 

33 

-335*7 = 

0 

4?— 

^‘95 


+ 15-3 = 

0 

a? — 

4'<5 s 

33 

— 307-9 zzs 

0 

4 ?-» 

9'<58 


+ 33-8 

0 

ar— 

3*80 

33 

-I9I-9 = 

0 

jp— 

9-90 


+ 337 = 

0 

a?-^ 

3*90 

33 

-173-6 = 

0 

47— 

i0’03 


+ 33*1 s= 

0 

a?-^ 

373 

33 

— 81-3 = 

0 

JP-f 

7*80 


— 37 J ’9 ?= 

0 

a?^ 

3*38 

33 

— 68-9 ?=: 

0 

<P + 

. 7*95 


— 37 r -6 = 

0 

so— 

4*03 

39 

- 54*8 = 

0 

47 -f 

7'75 


— 357 'i ?= 

0 

X — 

4*75 

33 

— 44*1 = 

0 

47 + 

T2P 

JJ 

— 351*8 = 

Q 


5*55 

33 

— 34*6 = 

0 

47 + 

/ 5*<55 


— 337*5 = 

0 

so— 

6*30 

»$ 

— 37*4 =: 

0 

«? + 

5*87 

n 

— 33 I'J = 

0 

SC^ 

7*05 

39 

— l6*i = 

0 

r+ 

5 '< 3 a 

ij 

— 304*4 = 

0 

00—^ 

7-68 

33 

— 9-7 = 

0 

*7 + 

3'.97 


— 183*4 = 

0 

X — 

8*13 

33 

— 4-4 = 

0 

fl 7 -T- 

. 3'48 


— ■ 57*8 ;= 

0 

so^ 

8*48 

39 

+ 3*3 = 

0 

«7-- 

4*48 

3$ 

- 49*7 = 

0 

so-^ 

8*75 

33 

+ 3*7 = 

0 

(P— 

5 ’ 4 o 

33 

- 37*5 = 

0 

so— 

8*98 

33 

+ 6*9 p= 

0 

07— 

6-»5 

JJi 

- 33*0 ==; 

0 


5*32 

33 

-333-6 = 

0 


7*10 

33 

J 3*4 = 

0 

X 

5*^5 

33 

— 341*7 3 S 

0 


770 

33 

— 5*3 « 

0 

a?«f- 

5*92 

33 

— 344*7 = 

0 


8-i8 

33 

— 0*7 = 

0 

a?+ 

6*03 

33 

- 345*4 = 

0 


8*58 

33 

+ 1*5 == 

0 

a?+ 

6*00 

33 

-343*5 = 

0 

a?— 

8‘8o 

33 

1 ^ -1 ■ Tir 

0 

x+ 

5*95 

33 

-339*5 = 

0 

a?— 

8*93 

33 

+ 4*0 = 

0 

x+ 

5*<52 

33 

— 331-8 =: 

0 

37 + 

^•37 

33 

-347*6 = 

0 

x+ 

5*20 

33 

— 333*4 = 

0 

37 + 

67a 

33 

— 354-<5 = 

0 

x + 

4*47 

33 

— 306*1 = 

0 

37 + 

5-97 

33 

-357*4 = 

0 

x + 

3*40 

93 

— 184*8 sc: 

0 

37 + 

7‘oa 

33 

- 255*3 = 

0 

x+ 

3*43 

93 

-168-5 = 

0 



BAR COMPARISONS 


V- 


11 


After set No. 291 — (Continued.) 


And from the mean bf these results, 

d 

® = I 2 t 6 i 4- 070 • 

adopting the original value of the expansion of A given at page ( 9 ), 

m.y d 

= 22*67 — i 7 ' 6 ’ J 2 , 
d my 

and sn = 134*99 — 0*70 dE^ = 173*17 — 070 tfij, = L — A; 
where L denotes the mean length of the compensated bars obtained from all the comparisons, 

d 

as represented by the mean micrometer reading 376*62, page V — ^ 

Comparing this reading with the mean reading of each compensated bar given on the 
flame page we obtain the following : — 


In terms of 

a-l b-l c-l d-l e-l h-l 

Micrometer divisions. 

Milliontbs of a yard. 

— 1*39 *-25*09 + 4*77 +26*58 + 0*10 — 4*96 

*- 1*78 *-32*19 +6*12 +34*10 + 0*13 -• 6*36 


Also combining the values in this table with the equivalent of L— A above determined, 
there result, 

d «.y 

A ~ A = 133*50 - 0*70 dBa s= 171*39 - 0*70 dE ^ 


B — A = 109*90 — 
C - A = 139*76 - 
I) - A = i5i*57 - 
E - A = 135*09 - 
H - A = 130*03 - 


IJ 

n 

li 

IJ 

II 


s= 140*98 — 
s= 179*29 — 
s= 207*27 — 
- 173*30 - 

sc i66*8i — 


II 

I) 

II 

II 

II 


i 9 i.y 


and 6 « = 1039*0 — 4’2 






SOITAKHODi. BASE-LINE 


V- 


'll 


Comparisons hlween the Standard Bar A and the Compensated Bars A., B, C, D, E, H, 
made at BamganJ, or North-East end of the lase-line, after the measurement. 


< 

tJO 

i 

o 

m 

< 

0 

0 

.i g 


Miceometib Ebadikgs IK 
1 Division = -jjgjjjTg Cary’s Inoli [ 7 . 8 ], = 

Divisioks 

1'2852 m.y of A 


O 

1848 “S 

m 

o 

Jany. J 

1 

■ -3 

O 

No. of compar: 

Temperature of 

Corrected mean tempe 

Mean 

A 

A 

B 

C 

D 

E 

H 

Mean of tlie 
compensated 
bars 

h. m. 

0 0 

+ 

+ 

+ 

+ 

+ 

4 * 

+ 

+ 

18 tll I Ij P.M. 

r 7 1 ’a 64’3 o 

3177 

388-2 

393-3 

422-9 

427*5 

40 ( 5*0 

596-0 

405-7 

1 34 

2 71*6 egis 

330-0 

393-1 

395-2 

427-8 

431-6 

409'3 

400-3 

409-6 

I 51 

3 7 I ’8 < 5 j -83 

34^-9 

391-3 

390-0 

427-0 

433-0 

4 c> 9“3 

400-0 

408-4 

a 7 

4 7a'a 66‘48 

352-0 

394-2 

390-0 

425-5 

435-0 

409*8 

399-3 

409-0 . 

a a3 

5 72‘6 67'o8 

362-5 

396-2 

390-8 

425-1 

437-7 

410*2 

401-3 

410*2 

a 40 

6 72-5 67-58 

370-7 

403-0 . 

388-0 

423-5 

438-3 

411'2 

402-a 

411-0 

2 56 

7 72-3 68-03 

3767 

401-7 

384-3 

419-8 

435*0 

4x0*1 

402-0 

408-8 

3 

8 72-2 68-48 

382-8 

404-5 

388-7 

419-5 

437-7 

4ii’o 

402-1 

410-6 

3 28 

9 72-0 68-85 

384-6 

407-9 

387-9 

421-8 

437-0 

409*5 

405*2 

411-6 

3 4‘5 

10 71*6 69-18 

389-3 

407-2 

387-3 

421-8 

441-2 

413*0 

405-2 

412-5 

4 . 4 

II 7 1 -a 69-45 

39 < 5-4 

411-2 

388-2 

419-0 

439-0 

413*0 

406-0 

412-7 

4 21 

12 70-8 69-65 

398-1 

412-0 

389-3 

420- 2 

439-3 

4i6‘2 

416-0 

415*5 

4 3 ^ 

13 70*4 69-78 

399-4 

413-3 

388-3 

,424-7 

444-0 

415*8 

408-a 

415*7 

4 50 

14 70*0 69-83 

401*6 

414-3 

385-0 

423-3 

441-0 

411*5 

407-0 

413*7 

19 tli 7 iaA.M. 

15 5 o '5 52-23 

114-9 

421-8 

394-0 

420-4 

463-3 

409*7 

419-2 

421-4 

7 40 

16 51-0 51-78 

111-9 

425-4 

394-3 

421-2 

450-2 

418-3 

420-7 

421*7 

8 0 

17 52-0 51-60 

1137 

425-8 

394-2 

427-3 

450-9 

421-8 

422-8 

423-8 

8 17 

18 53*0 51-65 

116-4 

426-2 

393-2 

428-1 

449-8 

42 1-2 

423-0 

423-6 

8 35 

19 53-7 51-80 

120-4 

428-7 

395-2 

427-3 

450-7 

419-2 

422-0 

423-9 

8 54 

20 54-7 52-03 

126-4 

428-3 

397-2 

425-0 

448-0 

421-0 

422-5 

423-7 

9 13 

21 56-1 52-40 

134-1 

428-5 

397 ‘i 

428-0 

449-5 

420-7 

419-5 

423-9 

9 32 

22 58-X 52-88 

142-2 

427-0 

394-9 

425-5 

448-5 

418-5 

421-2 

422*6 

9 48 

23 59 ’^ 53-40 

153-3 

423-2 

392-3 

425-1 

447-0 

419*3 

422-2 

421-5 

10 a 

24 <50-5 53-93 

164-8 

421-1 

391-2 

425-7 

447-0 

420-0 

422-2 

421*2 

10 18 

25 ^2-0 54-63 

176-9 

421-5 

389-0 

421-8 

443-5 

422-0 

417*7 

419*3 

10 36 

2^ 63-0 55-53 

191-2 

415-0 

388-5 

420*4 

440-3 

419-9 

414-0 

416-4 

10 52 

27 63-8 56-33 

204-0 

412-0 

381-7 

418*0 

437*7 

418*0 

413*3 

413-5 

I 4 P.M. 

28 68-8 62-45 

298-1 

403*0 

393-8 

426-9 

442-2 

422*0 

405*4 

415-6 

I 19 

29 <59-3 <53-13 

308-5 

407-2 

39^-9 

426*8 

450-0 

425*4 

410-7 

4i8'8 

I 33 

30 69*5 ^3-78 

320-3 

407-8 

391-a 

425*2 

449*0 

421-8 

409-9 

417*5 

I 5 t 

31 69-7 64-50 

331-5 

408-0 

390-0 

422-4 

448-8 

422-1 

412-5 

417-3 

a 9 

32 70-a 65-20 

342-3 

410-8 

391-a 

422-7 

448-5 

425*0 

416-0 

419-0 

2 25 

33 70-6 65-73 

354-7 

409-2 

389-2 

427-0 

450-8 

426-0 

412-8 

419-2 

a 42 

34 Jo-6 66-30 

3*53-5 

407*3 

389-9 

422-1 

449*4 

421-6 

414-2 

417*4 

2 57 

35 70-6 66-80 

369-6 

4117 

3917 

422*4 

445-8 

425-8 

416-3 

419-0 

3 17 

36 70-6 67-43 

377-2 

412-0 

395-2 

426*2 

449-2 

421-3 

413*9 

419-8 

3 39 

37 70-5 67-98 

383-8 

411-0 

393-0 

427*2 

452*0 

419*2 

413-1 

419*3 

4 2 

38 70-3 68-38 

389-0 

415-0 

393*5 

427*9 

453*0 

422-5 

417-2 

421-5 

4 H 

39 69-8 68-68 

391-8 

418-2 

596*8 

429-0 

452-8 

421*0 

416*2 

422-3 

4 42 

40 69*6 68-75 

394-0 

424-8 

397-8 

430-7 

453*3 

423*0 

418-3 

424-7 

4 59 

41 69-3 68-80 

395 ’^ 

422-8 

396-8 

431*2 

452-0 

422-5 

417-9 

423-9 


Mr. Logati at 
tlio micrometer 
microscope ; Mr. 
Keelan at the j 
plain microscope. 




BAE COMPARISONS V_ 

After the meamrement — ^(Contimied.) 


•5 & 

Mean of the times of obserying A 

2 To. of comparison 

Temperature of Air 

Corrected mean temperature of A 


Mice 

1 Bivi 


Read 

1 

liras IK 

'sinch [ 7 . 8 ], 

RiTisioira 

= 1'2852 m.y of A 


Bekabxs 

21602-8 

Mean 

A 

A 

B 

c 

D 

E 

H 

Mean of the 
compensated 
bars 

7 i. m . 

0 0 

4- 

-f 

+ 

+ 

+ 

+ 

+ 

+ 


20 tE 7 14 A.M. 

43 ^0‘8 53-08 

136-1 

431-3 

400*4 

435-6 

453-3 

423-7 

437-8 

426*7 

Capt, Benny at 

7 41 

43 5 1 ’4 52'65 

134-0 

434-1 

403-1 

433-8 

457 ' 1 

4 ' 25 *o 

43 1 -I 

430-7 

the micrometer 

8 4 

44 52‘5 52-45 

135-6 

437-2 

405-8 

434-5 

458-6 

428-8 

433 * 1 . 

433*0 

ixnuruDtope j 

Mr. Koelan at 

8 37 

45 53‘8 52-45 

140-5 

436-0 

410-8 

436-8 

461-3 

430-5 

436-3 

435-3 

the plain mi- 

8 47 

4<5 55-4 52-65 

148-6 

440-5 

410-8 

437-8 

461-0 

432-4 

435‘4 

436-3 

croscope* 

9 ^ 

47 57-0 53-08 

158-1 

438-7 

409-8 

439-7 

463-4 

434-1 

436-1 

436-8 


9 24 

48 58-3 53-65 

168-5 

436-8 

407 2 

437-0 

463-7 

429-7 

434 ’o 

4*34 ^ 


9 45 

49 59-6 54-35 

181-3 

435‘6 

406-3 

436-0 

458-8 

430'0 

431-8 

433*1 



50 61-3 55-18 

196-5 

431-3 

404-8 

436-1 

456-5 

43 ro 

427-1 

431-0 


10 24 

51 63-1 56-15 

213-5 

437-8 

401-7 

432-7 

457 ‘i 

.430-3 

437-1 

429-5 


10 41 

53 64-3 57-03 

239-6 

427-3 

401-1 

430-0 

456-8 

430-8 

425*3 

42^8*6 


10 56 

53 65-0 57’8o 

343-1 

435-0 

399‘4 

433 'i 

456-1 

429-2 

434-6 

437-9 


I 14P.M. 

54 69-5 63-68 

329-8 

418-1 

398-0 

436-8, 

454-2 

426-0 

413-3 

424-4 


I 33 

55 70-0 64-50 

343-1 

419-0 

399-5 

435 ’! 

457-0 

434-9 

416-1 

425-3 


I 49 

56 70-6 65-33 

354-6 

419-6 

398-0 

434-9 

457-0 

426*3 

418*0 

435-6 


a 5 

57 71-1 65-83 

364-2 

430 'O 

398-7 

436-1 

458-8 

430-0 

417-3 

436-8 


a iia 

58 71-3 66-50 

374-6 

42o'8 

399-5 

436-4 

457-2 

429-3 

419*3 

437-1 


" 2 40 

50 71-3 67-20 

384-2 

423-3 

401-3 

434-0 

459-0 

432-8 

421-6 

438*6 


3 ^6 

60 71-8 67-68 

391-3 

424-5 

401-8 

436-1 

458-3 

430-1 

421-3 

428-7 


3 

61 71-9 68-13 

398-6 

419-8 

402-0 

440-3 

459-0 

439*3 

431-0 

428-5 


3 29 

63 71-5 68-65 

405-6 

428-0 

403-5 

442-7 

463-7 

432-1 

43 1*3 

431-7 


3 47 

63 71-3 69-05 

410-8 

437-8 

407-1 

440-7 

464-8 

432-3 

433-2 

432-7 


4 S 

64 71-0 69-40 

414-7 

431-1 

406-0 

439-8 

460-4 

431-0 

434*8 

433-3 


4 23 

65 70-7 69-68 

418-4 

431-6 

405 -8 

441-3 

463-4 

435-1 

436-3 

433-9 


4 37 

66 70-4 69-83 

421-0 

43 3 ’3 

411-3 

4380 

466-1 

434-6 

436-8 

435 ‘«^ 


4 54 

67 70-0 69-90 

433-0 

436-3 

411-0 

445-0 

467-3 

433-5 

428-8 

437-0 

• 

21 st 7 7 

68 53-2 55-53 

179-2 

428*8 

408-1 

430-8 

450-3 

428-3 

437-6 

429*0 

Foggy morning. 

7 29 

69 53-4 55'i3 

174-7 

437-8 

405-5 

431-8 

453-8 

429-0 

437-3 

430-9 


7 49 

.70 54-0 54-90 

173-8 

435-8 

407-0 

435-6 

457-1 

428-1 

430-7 

432-4 


8 9 

71 54-7 54-80 

173-8 

437-8 

408-4 

438-4 

462-0 

430*1 

433-0 

435*0 


8 30 

72 55-8 54-78 

176-1 

439'3 

413-6 

437-1 

460-0 

433-0 

433-8 

436-0 


8 50 

73 5 < 5-9 54-95 

179-6 

440-3 

413-7 

440-7 

460-3 

431-8 

430-8 

436-3 


9 ^ 

74 58-1 55’23 

185-7 

440' I 

409-8 

443-8 

463*1 

433-0 

435*5 

437*2 


9 23 

75 58-8 55-58 

195-2 

437-6 

409-8 

438-7 

461-1 

432-1 

, 434*6 

435*7 


9 39 

76 6o‘i 56-08 

204-6 

437-8 

405-6 

436-8 

456-6 

431-8 

429-0 

432-9 


9 5<5 

77 61-9 56-68 

215-7 

433-2 

406-1 

436-6 

459 -a 

432-3 

431-0 

433-1 


10 13 

78 63-3 57-38 

339-6 

431-4 

402-3 

433-3 

457'5 

430-8 

430-8 

431-0 


IQ 39 

79 64-7 58-23 

345-0 

438-0 

3981 

429-8 

457'7 

431*2 

437-9 

428-8 


10 49 

80 66-1 59-35 

362-4 

426-8 

402*0 

433-3 

455-6 

431*1 

426-3 

439-0 


Means 6 i ’ i $ 

277-57 

431-51 398*08 

430-23 

451-74 

433-86 419-65 

434*18 






— 14 SONAKHODA BASE-LINE 

After the measurement — (Continued.) 

As on page V_>,g we have 

and from the preceding bar comparisons we obtain the following series of results 

d 

X - 3-30 88-0 = o 


3 ’i 5 


— 79-6 = 0 

»- 

93 

— 56-5 = 0 

X— 4*48 

33 

- 57-0 = 0 

*— 5-08 

33 

- 47-7 = 0 

X- 5-58 

33 

- 40-3 = 0 

X— 6’03 

f 3 

— 33-1 = 0 

X— 6*48 

33 

— 37-8 = 0 

X— 6'85 

33 

— 37*0 = 0 

X— 7 ‘i 8 

33 

—• 33-3 = 0 

a?- 7.45 

33 

— 15-3 = 0 

X- >j' 6 s 

33 

~ 17-4 = 0 

»— 778 

33 

~ 16-3 = 0 

a?- 7-83 

33 

— I 3 'I = 0 

977 

33 

-306-5 = 0 

x + lO '33 

33 

“309-8 =: 0 

<p-f 10-40 

33 

—310-1 = 0 

ar-f 10-35 

33 

— 307-3 = 0 

#+10-30 

33 

- 303’5 = 0 

#+ 9-97 

33 

-397-3 = 0 

#+ 9-60 

33 

—389*8 = 0 

#+ 9-13 

93 

-380-4 = 0 

x + 8-60 

33 

—368-3 = 0 

a?+ 8-07 

33 

—356-4 = 0 

x + 7-37 

33 

-343-4 = 0 

af+ 6-47' 

33 

—335*3 = 0 

x + 5-67 

33 

-309-5 = 0 

a?- 0-45 

33 

— 117-5 = 0 

X— 1-13 

33 

— 110-3 = 0 

X- 178 

33 

— 97-3 = 0 

#— 3-50 

33 

— 85‘8 = 0 


X — 6 ’ 8 o { E ^ — ) — a8*3 = o 


x + 8*93 

33 

-390*6 = 0 

x + 9-35 

33 

= 0 

x + 9-55 

33 

-397-4 = 0 

a?+ 9-55 

33 

-394-8 = 0 

x + 9-35 

33 

—387-7 = 0 

#+ 8*93 

33 

—378-7 = 0 

#+ 8-35 

33 

— 366-1 = 0 

#+ 7-65 

33 

— 351-8 = 0 

x+ 6-83 

33 

-334-5 = 0 

x + 5-85 

33 

—316-0 = 0 

x + 4-97 

33 

—199*0 = 0 

X+ 4-30 

33 

—184-8 = 0 

X— 1-68 

33 

— 94-6 = 0 

x ~ 3-50 

33 

— 83-3 = 0 

a;- 3-33 

33 

— 71-0 = 0 

00 

1 

33 

— 63-6 = 0 

x ~ 4-50 

33 

- 53-5 = 0 

ar— 5-30 

33 

— 44*4 = 0 

#— 5-68 

33 

- 37*4 = 0 

»— 6-13 

33 

— 39-9 = 0 

X— 6-65 

33 

— 36-1 = 0 

7 ‘os 

33 

— 31-9 = 0 

x — 7-40 

33 

- 17-5 = 0 

X— 7*68 

33 

- i5‘5 = 0 

X- 7-83 

33 

— 14-0 = 0 

0 

1 

33 

— 15-0 = 0 

x + 6*47 

33 

— 349'8 =* 0 

x + 6-87 

33 

-356-3 = 0 

x + 7-10 

33 

-359-6 = 0 


33 

—353-3 = 0 



BAR COMPARISONS 

After the measwment — (Continued.) 

X- S' 20 (Ba ~ - 757 = 0 x+ r 2 % - dEa)-2S9'9 = 0 


a?- 3-73 

)» 

- 64-5 = 0 

a7+ 7-05 


-256-7 = 0 

a?- 4-30 

n 

- 53-9 = 0 

X + 6-77 

3 $ 

“■251*5 = 0 

X — 4-80 


— 49-4 = 0 

x+ 6-43 

3 ) 

—340-5 = 0 

5‘43 

jj 

— 43-6 = 0 

5-92 

33 

— 338-3 a= 0 

a?- 5-98 

a 

- 35’5 = 0 

x+ 5-33 

33 

-317-4 == 0 

x— 6-38 

)) 

- 33-5 = 0 

x+ 4-63 

33 

—301-4 = 0 

a? — 6-68 

)$ 

- 30-5 = 0 

a?+ 3-77 

33 

-183-8 = 0 

1 

Os 

ij 

- 30-7 = 0 

x+ 2-75 

33 

—1 66*6 s= 0 


And from the mean of these results, 

d 

X = 146-61 - 0-85 {E^ - dE^) : 


adopting the original value of the expansion of A given at page ( 9 ), 

K = ^^‘^7 = i 7*639> 


anda;= 131-62 + 0-85 = 169-16 + 0-85 L - A 

Proceeding as on page Y ^ we obtain : — 



In terms of 

A-L 

B -L 

C-L 

D-L 

B — L 

H-L 

Micrometer divisions. 

-3-67 

—36-10 

+6-05 

+ 27*56 

-0-33 

I i 

tn i 

Millionths of a yard. 

““ 3*43 

- 33*54 

+778 

+ 35*42 

—0-41 

-5-83 

Also the following ; 


A - A = 138-95 + 0-85 dE^ 

B A 

33 

C — A = 137*67 + 

33 

D — A =5 159*18 + 

33 

E — A :±: 131-30 + 

33 

H— A = 127-09 +• 

33 


mj/ 

= 165-73 + 0-85 dE ^ 
= i 35 ‘ 6 a + „ 

= 176-94 + „ 

= 204-58 + „ 

= 168-75 + « 

== i^ 3'34 + „ 


and 6 «= 1015-0 + 5*1 




V. 


SONAKHODA BASE-LINE 


■I 6 


Filial deduction of the total length measured with the compensated bars. 


m.y 


Erom page V the excess of the 6 compensated bars above 6 times A before thel _ 

‘ measurement J ~ 1197 2 




v_ 

v_ 


"ir 


■15 




yy 

yy 


- 48-4 dE^ 

after set No. 291 = io39'o — 4' a dEg, 

after the measurement! jp 

or set No. 583/= ° + 5 ’ 

applicable to sets Nos. i to 291 = iii8‘i — 26"3 dE^ 
„ 292 to 582 = io27’o + 0*5 dEg 

Also the mean length of a set of 6 compensated bars in feet of the standard,! , A r- jr-. 

applicable to sets Nos. i to 391/ =^°‘°° 33543 id “ ^^'ZdEa 

A 

and „ applicable to sets Nos. 292 to 582 =6o'oo3o8io^ + o'^dEg 


Therefore the mean excess of 
and „ 


yy 

yy 


yy 

yy 


Similarly from pages V ^ ^ and V 


the mean excess of the two compensated ! 

bars A and H above twice A j 


m,tf 

333-6 + 0*2 dEg 


and the mean length of the set of compensated bars A and H in feet of 

the standard 


} 


= 20-0010008^ + 0-2, dEg 


Hence the total lengths measured with the compensated bars 


in sets Nos. 

yy 

yy 

yy 

in set No. 
in sets Nos. 


feet of A 

I to 145 = 8700-4864 - 3814 dEg 

146 to 291 = 8760-4897 — 3840 dEg 

292 to 445 = 9240-4745 -f 77 dEg 

446 to 582 = 8220-4221 -4 69 dEg 

583 = 20-0010 + o dEg 


I to 583 =34941-8737 - 7508 dEg 


Now the mean temperature of A during the bar comparisons before the measurement and after 


set No. 291 was 62° + 


26''-3 


66° -4, for which temperature the corresponding expansion of A from page ( 19 ) 


is 21'675 m.y. Also the mean temperature of A during the bar comparisons after set No. 291 and 
after the measurement was 62° ^ = 6i°'9, for which temperature the corresponding expansion of A 

from page ( 19 ) is 21 ’647 m.y. Comparing these values of expansion with the original value = 22'6’j m.y, 
used in the foregoing; it is found that dEg = + Q-995 m.y, for sets Nos. i to 291, and = ■+■ 1-023 
sets Nos. 292 to 583. Substituting for dEg respectively these numerical values, there result. 


Total lengths measured with the compensated bars 


feet of A 

in sets Nos. i to 145 or S.W. End, to Stn. A = (8700-4864 — -0114) = 8700-4750 

,, 146 to 291 or Stn. A, to Stn. B = (8760-4897 — *0115) = 8760-4782 

„ 292 to 445 or Stn. B, • to Stn. C = (9240-4745 + -0002) = 9240-4747 

„ 446 to 583 or Stn. C, to N.B. End = (8240-4231 -4 ■'0002) = 8240-4233 


I to 583 or S.W. End, to N.E. End —(34941*8737 — -0225) =34941-8512 
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Comparisons Idwmi the Compensated Microscopes and their (j-inch brass scales during the 
measurement, and provisional determination cf Microscope errors ivitli respect to the Q~inch 
brass scale A, expressed in millionths of an inch (m.i.) 


Wheii compared 


1847-48 



Microscope 

Microscojic Scale. 

Observed nalue in 
terms of 


DiyisioTis 
10000 = 1 " 


Micros : - Scale A , 
at 62“ Fall. 


December 3rd Before the measure- 
ment. 


10th Between sets No. 
66 and 67. 


16th Between sets No. 
1 145 and 146. 


January 1st Between sets No. 

291 and 292. 


„ 11th Between sets No. 

445 and 446. 


U U 
S S 
P P 
M M 
N N 
0 R 
T T 

U U 
S 8 
P P 
M M 
N N 
0 R 
T I T 

U U 
U* U 
8 8 
8 * 8 
P P 
M if 
if N 
0 R 


8 8 
U U 
P P 
M M 

jsr N 

0 R 
T T 

8 8 
U U 
P P 
P* P 
M M 
F F 
0 R 
T T 


73 A5 
7477 
7.570 

75 •2(7 

/d'oi 

72'4J 

^97.5 

7o'47 

7.3 7^ 

‘]o'cj 6 

72-92 

69- 7 1 

70- 05 

6o’i) 5 

< 54-35 

63 - 37 

66 - 97 

64 - 12 

64-46 

67 - 12 
61-41 


76-72 

70 - 06 

75 -I a 

75-2 Jt 

72 - 73 

7177 

71 - 25 

74 - 92 

75 - 42 

73 - 96 

74 - 52 

73-01 


+ 722 
798 


-f 484 
529 


- 91 
+ 147 


+ 704 

759 

020 

879 

820 

826 


4 - 6ri 
578 

808 

839 

748 


- 3 '3 

4 - 7 

1-4 

+ 3 -Jf 

- 1-9 

5 - 3 

+ x-o 


— 6-0 
4'6 
3-0 

+ 2-2 


4 - 1-2 


— 3,30 
470 
140 

+ 310 

— 190 
530 

■+ 100 


■f 1-6 + 160 

0-2 20 
— I-I — IIO 

2-8 280 

■f 2-8 4- 280 


4- 84 4 - 4-3 4- 430 


— 600 
460 
300 

"f" 220 

— 420 
900 
000 


3^0 

550 
4- 120 
- 330 

890 

000 


4- 283 

- 75 

4- 350 

— 21 

+ 363 

93 

- 97 

4- 283 

- 75 
4- 350 

- 21 

4- 363 
93 

- 97 

4- 283 
283 

- 75 
75 

+ 350 

~ 21 
4- 363 

93 

- 97 


-+- 283 

350 

— • 21 

4- 363 
93 
- 97 


4" 283 

350 

350 

— 21 

4- 363 
93 

- 97 


+ 605 
163 
926 
808 
896 
69 
366 

+ 437 

- 16 

+ 943 
849 


+ 352 

450 

- 99 

44 
4- 76,1 
993 
793 
-~ 54 
4- 4^7 

4- 29 
582 
970 
1078 

763 

19 

575 

+ 36 
611 
838 

6,39 

847 

816 

109 

+ 519 


* These microscopes were compared a second time, because they wore adjusted after the first comparison. 



V. 
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i8 

Microscope Comparisons — (Continued.) 


Wlien compared 

1848 

Microscope. 

Scale compared witli. 

Corrected tempera- 
ture. 

'p 

5 0 11 

d 5=1 

11 

a, fl 0 
pj C 3 H 

cu M 3 

Microscope 

Microscope Seale. 

gfq 

- CO 

s 

a 

Micros : ■“ 
at 62 " 

■ 

Scale 

Fah, 

Observed ralue in 
terms of 


Keference 

number. 

Divisions 
10000 = 


January IStli 

After the measure* 

N 

s 

7 o ',37 

+ 523 

— 5-0 

— 300 

- 75 

+ 148 

39 


ment« 

u 

IT 

66'2y 

366 

0-9 

90 

+ 283 

459 

40 



F 

P 

74'03 

7 .'; 2 


120 

350 

981 

41 



M 

M 

6676 

398 

+ 6*0 

+ 600 

— 31 

877 

42 

. 


N 

N 

65 -Oi 

226 

1-6 

160 

4 " 3^3 

749 

43 



0 

F 

65-11 

J94 

— 4-2 

— 430 

93 

- 133 

44 



T 

T 

71-35 

J 7 ^ 

-f 0-9 

-h 90 

- 97 

+ 57^ 

45 


The required combinations of individual microscope errors taken from pages V and 

are expressed as follows ; 17 


J^efereme mimhers^ 


C-i 

- 


4 “ 

3 

+ 

4 

+ 

.5 

4 - 

6 

+ 

14-7 






2 



= 

9 

■f 

10 

•f 

ir 

+ 

12 

4 - 

T 3 

+ 

84- 14 

3 

= 


= 

27 

4 - 

19 

+ 

20 

4- 

21 

4 - 

22 

+ 

y 4-'33 

2 

= 


=: 

18 

+ 

29 

+ 

20 

4. 

21 

4 - 

2 2 

4 - 

16 + 2 p, 

2 

== 

<^5 

9 

25 

+ 

26 

+ 

27 

+ 

3S 

-f 

29 

4 - 

344-30 

2 

= 

Cji 


32 

4 

33 

+ 

35 

+ 

3<5 

-h 

0 *-1 

4 “ 

31 4-38 


8 



j / 

2 


Cy 

== 

32 

+ 

34 

4 * 

35 

+ 

3 ^ 

4 - 

37 

4 - 

3^4-38 

2 

= 

*^8 

= 

32 









4 - 

314-38 

2 

= 

<^9 

== 

40 

+ 

41 

+ 

42 

+ 

43 

■ 4 " 

44 

+ 

39 + 45 



/> 



m,L 


mean temp : 




+ 

3348 

at 

(62 

+ x3'-28) 


bofoi-G the measurement. 

+ 

3149 

at 

(62 

-1-- 9-2S) 


between sots 

66 & 67 

4 - 

3 78 1 

at 

(62 

+ 174) 


?? 

145 & 146 

+ 

3885 

at 

(62 

4 - 3-66) 

TS 

cJ 

a 

3 ? 

'do. 

+ 

37 H 

at 

(63 

+ 12-05) 

r/> 

a 

0 

?? 

391 & 293 

+ 

3281 

at 

(63 

+ 11*25) 

Ph 

Q 

0 

33 

445 ik 446 

+ 

3083 

at 

(63 

+ 11-33) 

0 

a 

9 

33 

do. 

+ 

889 

at 

(63 

+ 9 ' 53 ) 


33 

do. 

+ 

3293 

at 

(63 

-f 6-10) 


after the measurement. 

+ 

819 

at 

(63 

+ <5-53) 


33 

do. 
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Microscope Comparisons — (Continued.) 

And from the foregoing, we obtain the following equations for tlio rnicroRcnpo errors 
per set (or m.e ) ; where dE expresses the error in the adopted value of the expauBion for the 
6 -inch scales. 


= 

f 4 . m.i. 

^ = -f 3249 

— 6 X 

ii'aS (IE applicable to 

sots Nos. 

I to 66 

= 

^2 + 1 /■ 

— = + 2905 

a 

— <5 X 

5-51 dE „ 


67 to 145 

(OT.e .)3 = 

+ fr, 

-±A-i = + 3300 

- 6 X 

7-36 dE 

n 

146 to 391 

= 

— - = + 3498 

l2 

- (5 X 

iv6^^dE „ 

n 

292 to 445 

- 

= + 318S 

2 

- (5 X 

8-72 d.E 


446" to 583 

(m.e.)g = 

= 4 - 854 

— ax 

8-03 dE 

sot No. 

S ^3 


Hence the total microscope errors arc as follows, 


lu sets Nos. I to 145 = «| 

r 66 (w.c), = 4- 314434 — 

L 79 = H- 33443,^ - 

JM of A 

4467 dE = I- -0179 — 
2612 dE = 4. -0195 — 

4467 dE 
261 3 dE 



Slim -- - 1 - -0374 — 

7079 dE 

In sets Nos. 146 to 291 = 

146 =: 4- 4<^ 1 ' 

6447 (Ci = 4- -0402 — 

6447 dE 

In sets Nos. 392 to 445 = 

154 ('/«.r),j =: 4- 538692 — 

10765 dE = 4- -0449 - 

10765 dE 

In sets Nos. 446 to 583 = -j 

r 137 (?«-c)f, = 4 - 43 ^’ 7 .o^> “ 
h 1 ('/«.<;) g = 4- H54 — 

7168 dE == 4. -0364 — 
1:6 dE = 4- -0001 — 

7168 dE 
16 dE 



sum = 1 -0305 - 

7184 dE 


Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only proviBionally ; ie in terms 
of fte 6-inok brass scale A But fro.n page (Sl), wo bave 2 A = rooooiyr A valui m 
Iboo. Also the coeiiicient ot expansion tor brass, has been taken at •000,010,417 in the fore- 
going reductions, whereas it appears from page ( 17 ) that *000,009,855 is a more proliable value 
ccep mg the latter, it may be found that dE = 3-372 Hence, remembering that tlie 

we havr"^''''"'^ microscopes is equal to 3 feet of A + the corresponding 
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Ilicroscope Comparisons — (Continued.) 

Total lengths measured with the compensated microscopes 

In sets Nos, i to 14^ ) ( ^ 1 tr , , A 

or S.W. End, to Stn. A / 1 145 x 3 + -0374 1 - 7079 dE ~ ( 435-o438~-oo2o)= 433-0438 

or Stn, A, to Stn. } = 1 146X 3 + -0402 J - 6447 = ( 438‘o486--ooi8)= 438-0468 

or Stn, B, to’stn. } [i 34 X 3 + ‘04491 ~ = ( 4<52‘o538— 0030)= 462-0308 

» 44 < 5 to 383 I _ / 137X 3 ■+• ■03<54l „ o .777 _ / 

or Stn. C to N.E. End j “(4-ixi-f -oooi / ciA _ ( 412-0444— -0020)= 412-0424 

„ I to 383 ) 

or S.W. End, to N.E, End / (x 747 ’Jt 926 — 0088)= 1747-1838 


Disposition of the hars and microscopes during the measurement 

The following typical illustrations shew the permutations and combinations of the bars and 
microscopes during the measurement. The instruments are here named in the succession that 
actually occurred, commencing from the rear-end of a set, and the numbers assigned to the 
illustrations, will be found employed in the tables of “ Extracts from the Field Book &c.” 


Bar Illustration. 


Microscope Illustration. 


No. 1 No. 2 


No. 1 No. 2 


A 

B 

C 

D 

E 

H 


1 ^1- 



Hj- 

s 

u 

1 

p 

p 


M 

r M 


N 

N 

j 

0 

0 


iTj 

|tJ 


No. 3 



Statement. 


Statement. 


No. I occurs in sets Nos. i to 582. 
„ 2 „ set No. 583. 


No, I occurs in sets Nos. i to 145. 
« 2- „ 146 to 582. 

77 3 77 set No. 583. 


V 
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v_ 


'21 


details of the meastikement. 

&iracis from tU mi Bool of iho mwemmt, and calculated heigliU of sets alone the origin. 

Adopted heights above mean sea level. 

South- West-End. (origin) = 22a’5 
Korth-East--End (terminus) = 246-9 feet. 


1847 




d 

nrj 

0 

CD 

m 

"S 


<D 

w 

p 

-s 

S 

•3 

(B 

u 

Mean time of 

m 

s 

-iHi 

CD . 

W -i 

Ch 

0 

1 

Pi 

ending 

rP 

CpH 

^ *1 
0 1 


Oi) 


s 




)4 

<D 


bi 



W 


N uineral 
sbewirig 
arrange - 
merit of 


P^l 


4 tli Deo. 


6th 


7 th 


8th 



■1 





feet. 


I 

63-1 

831 A.it. 

6 4- 

x *4 

I 

2 

( 57'3 

9 4<5 

6 

7 

I 

3 

74 ' 0 

10 54 

6 - 

•0 

I 

4 

78*0 

2 4 P.M. 

6 

*2 

I 

5 

78*0 

3 49 

6 

*1 

1 

6 

76-9 

3 39 

6 


X 

7 

76-3 

4 18 

6 


I 

8 

58'3 

7 37 A.tl, 

6 

•4 

r 

9 

60-4 

8 14 

6 


I 

xo 

< 5 , 3 '9 

9 9 

6 

*3 

I 

II 

(5 7 '5 

9 55 

6 

■3 

X 

12 

71 -2 

10 43 

6 

'4 

X 

13 

74 't 

JC 29 p.Mv 

6 

*3 

I 

14 

757 

3 9 

6 

‘0 

X 

*5 

77-0 

3 47 

6 4- 

•I 

X 

16 

76-9 

3 33 

6 

•2 

X 

17 

75 ‘9 

4 33 

6 

•3 , 

I 

j8 

73 '9 

5 a 

6 


X 

19 

58-0 

7 3 5 A.M. 

6 

•6 

I 

20 

61-3 

8 ip 

6 

•3 

I 

31 

64-7 

9 3 

6 

7 

' I 

32 

<5 7 "3 

9 43 

6 

/ ' 
•6 

I 

23 

70-0 

10 15 

6 

•2 

I 

34 

73-1 

54 

6 - 


I 

25 

7 < 5’3 

JC 4 r r-M, 

6 

•0 

X 

36 

76'o 

2 30 

6 

1*0 

X 

27 

y&o 

3 52 

6 

1*0 

I 

28 

757 

3 36 

6 

I"2 

I 

29 

75-6 

4 5 

6 

1*4 

I 

30 

74'(5 

4 39 

6 

^*3 

I 

3 ^ 

58-0. 

7 15 A.M. 

6 


•I 

3a 

( 5 o ’3 

7 55 

6 

\j 

I 

33 

63-0 

8 37 

6 

X 7 

I 

34 

63-6 

8 59 

6 

*/ 

1*2 

X 

35 

68-7 

9 43 

6 

’Q 

I 

3(5 

707 

10 18 

6 

'6 

X 

37 

"ji'Ci 

10 58 

6 


I 

38 

7 < 5'3 

I 47 P.M. 

6 ’ 

v 7 

7 

I 

39 

76-4 

2 20 

6 

•j 

I 

40 

77-6 

^ 54 

6 

'0 

I 

41 

76-9 

3 31 

6 ”4 

*5 

I 

43 

76-3 

4 5 

6 

•ij 

•3 

I 


o 

Pi 

a 


18^7 





'trS 

CD 

k 

0 

(D 

X/1 

CM 

0 


CD 

CO 

p 


rS 

s 

p 

Mean time of 

i 

-P 

CD 1 

CO • 

0 

S3 

ending 

rQ 

'P 

, 1 
Cm ‘1 

0 c 


1 

a 


0 

d 

<4^ 





w 


hJO 


I 

I 

I 

I 

X 

I 

I 

I 

I 

I 

I 

I 

X 

I 

I 

I 

X 

I 

X 

X 

X 

X 

I 

X 

I 

I 

I 

X 

I 

I 

I 

X 

X 

t 

X 

X 

I 

X 

I 

X 

I 

I 


8th Dec. 
9 th „ 


lOth 


1th 


17 


43 

44 

45 

46 

47 

48 

49 

50 

5 ^ 

52 

53 

54 

55 
5 ^ 

57 

58 

59 

60 

61 

62 

<33 

64 

65 

66 

67 

68 

69 

70 

71 

7a 

73 

74 
7-5 

76 

77 

78 

79 

80 

8t 

8a 

83 

84 


74-7 

55 '9 

STS 

6o'2 

63'0 

54'5 

669 

70-1 

72-3 

74'o 

77-0 

77-3 

77-6 

77’6 

77-3 

76- 8 

75'o 

0*2 

58*1 

6o*< 

( 53 '5 

66’3 

68-3 

707 

77- 1 
76-7 
76-3 

75' 7 

74-8 

73-0 

54-5 

56*1 

587 

61-4 

64-4 

67-1 

yx’a 

74‘2 

77*2 

78*2 

78*0 


h. m. • 

5 + 

feet. 

4 40 P.M, 

•2 

7 0 A.M. 

6 - 

M 

7 33 

6 

*0 

® 5 

6 


8 34 

6 4- 

•I 

9 (5 

6 - 

•2 

9 34 

6 

*3 

10 7 

6 


10 36 

6 

j 

‘2 

II JO 

6 

•X 

143 P.M, 

6 4- 

■4 

2 13 

6 

‘X 

3 '44 

6 ~ 

•i 

3 JI 

6 

•I ; 

3 47 

6 -h 

•4 ! 

4 18 

6 

7 

4 57 

6 

X*2 

<5 59 A.M. 

6 

*8 

7 3<5 

6 

‘9 

8 8 

6 

•7 

8 43 

6 

I'O 

9 18 

6 

1*0 

9 44 

6 

I'O 

15 

6 

•9 

2 33 P-M. 

6 

■8 

3 3 

6 

•4 

3 33 

6 

•5 

4 I 

6 

•3 

4 31 

6 

‘4 

5 0 

6 

'4 

<5 50 A.M. 

6 

•4 

7 22 

6 

‘3 

7 55 

6 

•5 

8 25 

6 

•5 

8 53 

6 

•3 

9 25 

6 

•4 

5 

6 

'3 

10 29 

6 - 

•6 


Numeral 
shewing 
arrange- 
ment of 


d 


I 

I 

I 

I 

r 

I 

I 

I 

I 

r 

I 

X 

X 

X 

1 

X 

I 

I 

I 

X 

X 

X 

I 

I 

I 

X 

I 

I 

X 

X 

X 

I 

I 

I 

I 

I 

I 

I 

I 

X 

I 

I 


1 

I 

X 

X 

I 

I 

I 

I 

T 

I 

X 

X 

I 

X 

I 

X 

I 

r 

I 

I 

I 

I 

I 

1 

I 

I 

I 

I 

I 

1 

I 

I 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 


Bouth-West-End. 

December 6th. and 7th. Foggy mornino'. 
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Extracts from the Field Boole — (Continued.) 


Mean time of § 
ending ^ 


Numeral 
shewing 
arrange- 
ment of 


Mean time of 
ending 


Nurnoral 
shewing 
arrango- 
inent. of 


11 th Dec. 


90 54-8 


94 61-9 

96 67-9 

97 70-a 

98 72’2 

99 74-4 
loo 7d‘4 
lox 76-8 
loa 77’o 

103 77-0 

104 76’ 3 

105 75-7 

106 74-9 

107 727 
J08 347 
109 jAo 


7i. m . 

2 46 P.K. 

5 15 

2 45 


6 55 A.M. 

7 23 


10 37 

11 8 


35 P,M. 

5 


6 <8a.m. 

7 50 

8 I 

8 30 

8 58 

9 26 

9 54 
10 18 
10 47 


14 th Dec. 1 17 
118 


126 53-9 

127 56-3 


7i. m . 

1 23 P.M. 

1 50 

2 20 
a 46 

3 18 
.3 44 

4 17 
4 45 

7 J- A.M. 


9 42 
10 17 

10 41 

11 14 


45 P-M. 


4 57 

6 76 A.M. 

7 28 


Total + I <;6’2 


The dot denoting Station A 'was fixed exactly in the normal at the advanced-end of set No 14^- 
Height of set No. 145 above Station A = 1-4 feet. 

The terminal point of set No. 145 was the point of origin for set No. 140 . 



52 P.M. 
22 


^54 54‘o 7 

155 55'9 8 

156 377 8 


5 A.M. 



64-0 

9 38 A.M. 

t) “b 

S'1 

66'3 

10 25 

6 

S' 9 

68‘o 

10 . 3.3 

• 6 

6-3 

74-0 

I 28 P.M. 

6 

67 

74-1 

I 55 

d 

6-6 

7 . 3 ‘5 

2 23 

6 

7‘2 

73.‘3 

2 51 

6 

7 ’3 

75-4 

3 20 

6 

7-1 

7 . 3‘5 

3 49 

6 

67 

7a'o 

4 18 

6 

6-2 

70'o 

4 47 

6 

5 '9 

5P4 

7 2 A.M. 

6 

f'O 

53'o 

7 38 

6 

6 'i 


December 14 th. 


( 108 ) Cloudy morning. 


Micros : 


DETAILS OP THE MEASUREMENT. 


Extracts from the Field Boole — (Continued.) 


^3 


1847 

CD 

m 

(D 

0 

s 

Mean time of 

Tf 

<D 

CO 

pi 

m 

CD 

^£3 

Cti 

4 J, 

(D rj 

-cl 

to 

Numeral 
sliewing 
arrange - 
ment of 

0 

d 

125 

p^ 

a 

§ 

ending 

pO 

Cm 

0 

1 

0 § 

1 

oJ 

w 

Bars. 

Micros : 

! 

18 th Dec. 17a 

0 

55 ' 7 

7 i. m. 

8 1 1 XM. 

feet, 

6 + 6’'2 

I 

2 


173 ’ ST 9 

8 40 

6 

6-3 

I 

% 


17 + 

6x*4 

9 9 

6 

<57 

I 

% 


175 

64-2 

9 34 

6 

< 5-5 

I 

2 


176 

67-3 

10 4 

6 

.fr 7'0 

I 

a 


177 

^ 9'5 

10 29 

6 

7-2 

X 

a 


178 

70-8 

10 59 

6 

7’4 

I 

2 


.179 

75'3 

I 45 P.M. 

6 

77 

I 

2 


180 

7 5' 3 

2 13 

6 

7-5 

I 

a 


181 

76-5 

2 46 

6 

77 

I 

a 


182 

757 

3 17 

6 

7-9 

1 

a 


183 

75-0 

3 44 

6 

8 2 

I 

a 


184 

74-.3 

4 10 

6 

■ 8-4 

X 

a 


18^ 

73'4 

4 34 

6 

87 

1 

a 


186 

7 i '5 

4 59 

6 

87 

1 

a 

20th „ 

187 

53 ’i 

714 A.!!. 

6 

8-5 

1 

a 

188 

557 

7 45 

6 

8-6 

I 

a 


189 

587 

8 12 

6 

8-0 

I 

2 


190 

6 o'o 

8 . 3,3 

6 

77 

I 

a 


I9I 

62-8 

8 58 

6 

77 

I 

a 


192 

64-9 

9 2(5 

6 

7 '4 

I 

a 


193 

67-4 

9 5'5 

6 

7-8 

I 

a 


m 

69-5 

10 22 

6 

8'o 

I 

a 


195 

7°7 

10 48 

6 

8-4 

I 

2 


196 

74-2 

I 4(5 P.M. 

6 

87 

1 

a 


197 

747 

2 10 

6 

8‘3 

I 

a 


198 

73-9 

2 37 

6 

8-6 

I 

a 


J99 

74'2 

3 I 

6 

9-0 

X 

a 


200 

737 

3 27 

6 

9'4 

X 

a 


201 

7 3' 5 

3 49 

6 

9‘4 

X 

a 


202 

72'9 

4 13 

6 

9'4 

I 

a 

- 

203 

71-8 

4 41 

6 

9 '4 

I 

a 

21st „ 

204 

52-2 

7 12 A.M. 

6 

9 '5 

I 

a 


205 

52-0 

7 4 J: 

6 

9-2 

I 

a 


20(5 

59‘4 

9 30 

6 

9-0 

X 

a 


207 

61-5 

9 58 

6 

87 

1 

a 


■ 208 

<54-5 

lo 27 

6 

8-8 

r 

a 


209 

67-2 

JO 54 

6 

8-8 

X 

2 


210 

727 

1 41 P.M. 

6 

87 

t 

a 


2 II 

72-4 

^ 7 

6 

8'6 

I 

a 


212 

727 

2 36 

6 

8-9 

X 

a 


2X3 

72-2 

a 59 

6 

8-6 

X 

a 


214 

72-2 

3 25 

6 

8*6 

I 

2 


2x3 

72'0 

3 51 

6 

8-6 

X 

a 


2x6 

717 

4 1(5 

6 

8-6 

I 

2 

22 nd „ 

2x7 

70-9 

4 43 

6 

8-8 

t 

2 

218 

5^-5 

7 16 A.M. 

6 

9'3 

X 

a 


219 

52-1 

7 44 

6 

9-1 

I 

a 


220 

53-4 

8 14 

6 

9-2 

I 

a 


22X 

55'4 

8 42 

6 

9-2 

I 

a 


222 

57'8 

9 10 

6 

9'4 

I 

a 







s 

Nnineral 


• 4 ^ 

(1» 



reJ 

CD 

0 

HlKnving 


m 

Cm 

0 


C/l 

d 

<« 

arrangi'- 

1847 

CD 

. 4-1 


Mcjin time of 

m 

■S n 
■^',1 

nu'iit of 

0 

g 

ending 


"0 ^ 





CD 

P 4 

g 


0 

d 

'"1m 


w 

2 



EH 



W 

pq 

i 

22 nd Dec 


0 

A. 7>l. 


/('C6 



223 

60 ‘5 

9 ,38 A.M. 

6 4 - 9'4 

t 

a 


224 

63-1 

10 9 

6 

9-6 

1 

a 


225 

6 3 '2 

ro 36 

6 

9*75 

1 

a 


226 

66-8 

11 a 

6 

9M 

1 

a 


227 

727 

2 8 P.M. 

6 


1 

a 


228 

727 

2 35 

6 

9 -- 

1 

a 


229 

73-0 

3 10 

6 

y '3 

I 

a 


230 

73-1 

3 35 

6 

9'5 

I 

a 


23 c 

72-3 

4 7 

6 


r 

a 


a3a 

7r8 

4 33 

6 

9 ‘~ 

I 

a 

23rd „ 

a 3.3 

70*2 

5 X 

6 

9-2 

I 

a 

i ,34 

53 '0 

7 22 A.M. 

6 

9' 3 

I 

a 


a.35 

547 

7 46 

6 

9 ^* 

i 

2 


236 

57 - r 

8 16 

6 

10*1 

i 

a 


2.37 

59*6 

8 41 

6 

lo'o 

t 

a 


2.38 

(*) I • 7 

9 7 

6 

JOY, 

X 

a 


a.iy 

^>3 '5 

9 30 

6 

J 0 ‘fj 

I 

a 


240 

66*0 

9 54 

6 

I o‘9 

I 

a 


241 

677 

ID 19 

6 

io ’9 

I 

a 


242 

70*2 

io 54 

6' 

I r 1 

1 

a 


243 

7 ,'r'-i 

t 43 P.M. 

6 

JO-8 

1 

a 


244 

74-0 

2 9 

6 

jto’H 

1 

a 


245 

74'9 

a 38 

6' 

10*2 

1 

a 


246 

75 

3 4 

6 

10’.:^ 

1 

a 


247 

74’9 

3 30 

6 

XO’O 

I 

a 


248 

747 

3 5 'i 

6 

9 %s 

X 

a 


249 

74-0 

4 jB 

6 

9' 3 

1 

a 


250 

727 

4 49 

6 

(;’o 

1 

a 

27 th ,, 

25 1 

52‘0 

7 27 A.M. 

6 

8*6 

I 

a 

252 

54‘5 

7 57 

6 

8-8 

1: 

a 


25.3 

58'! 

8 33 

6 

8-K 

I 

a 


254 

6l'l: 

9 4 

6 

9 '' 

1 

a 


^55 

^’3 '5 

.9 33 

6 

8-/ 

1 

a 


256' 

6 & ^ 

Jo 0 

6' 

8-6 

I 

a 


^57 

68 '4 

10 29 

6 

8-6 

1 1 

2 


258 

70'2 

10 57 

6 

8-9 

,I 

a 


259 

75-3 

1 48 P.M. 

6 

9 ‘> 

1 

a 


260 

747 

2 18 

6 

9 ',H 

1 

a 


261 

747 

a 45 

6 

97 

1 

a 


262 

74'5 

3 13 

6 

9’4 

1: 

a 


263 

74'3 

3 39 

6 

9*4 

I 

a 


264 

74-0 

4 5 

6 


1 

a 


265 

73 '° 

4 30 

6 

97 

X 

a 

28 th „ 

266 

267 

717 

5 o '5 

4 57 

7 22 A.M. 

6 

6 

10*3 

xo*s 

X 

1 

a 

a 


268 

52- X 

7 53 

6 

jo ’3 

I 

a 


269 

55*4 

8 24 

6 

xo '4 

1 

a 


270 

57'9 

8 53 

6 

:| 0’2 

1 

a 


271 

60-4 

9 28 

6 


1 

a 


272 

< 5 . 3 ‘o 

9 59 

6 

97 

1 

: a 


473 

< 55 ’ I 

10 24 

6 

9-6 

1 

: ^ 


December 21st, 22nd and 28th, Foggy morning. 



SONAKHODA BASE-LINE 


JExtraets from the Meld Boole — (Coutinued.) 


1847-48 


<D 

o 

jD 


Mean time of 
endinsr 


]!Tumeral 
slievving 
aiTange- 
ment of 


1847-48 


Mean time of 
ending 


Numeral 
sliewing 
arrange- 
ment of 


l28tli Dec. 274 67*5 10 55 A.K. 


277 74-S 

278 7C'o 
^79 74’3 
280 74’2 


1 36 P.M. 

2 7 

2 36 

3 I 
3 27 

3 48 

4 22 

4 55 

7 J 0 A.M. 



39th Dec. 284 52°9 


35 55'0 


7t. m. 

7 37 A.M., 


285 5'7-i 8 27 

287 59'9 8 54 

288 6r7 9 23 

289 64-4 9 52 

290 66'3 10 17 

291 7o'9 n 31 


feet. 
6 -f 11-3 
6 11-5 

6 12-0 


Total 4- i2 74’o 


The dot denoting Station B was fixed exa^ 
Height of set No. 291 above Station B = 

3rd Jan. 292 51*^^ 7 12 a.m. 6 4- j3-i 

293 5 1 '9 7 43 6 i2-g 


299 62-0 


3H 7*'5 


7 12 A.M. 

7 43 

8 9 

8 37 

9 

9 37 
10 6 

10 31 

11 2 

I 30 P'M. 

1 54 

2 23 

2 tr 

3 13 

3 39 

4 5 
4 28 

4 55 

717 A.M. 

7 49 

8 17 

8 46 

9 26 

10 0 

10 26 
10 54 

I II P.M. 

I Sd 

1 59 

2 21 


ctly in the normal at the advanced-end of set No. 291. 
= o'4 feet. 


4- x3'i 

12- 9 

13- 0 
13 •! 

13-4 


4th Jan. 327 

7o'8 

4 35 I’-M- 

6 + j6'o 

328 

69-9 

5 ^ 

6 

A47 

5th „ 329 

’2 

7 4 A.M. 

6 

1 6- 1 

330 

5^7 

7 32 

6 

1 6’ 3 

331 

53 '2 

7 57 

6 

1 6- 1 

332 

54-4 

8 22 

6 

i6'i 

333 

55-9 

8 49 

6 

i6‘2 

334 

58 'o 

9 14 

6 

i6'2 

335 

60 ’I 

9 38 

6 

168 

33 d 

6 1 '9 

10 2 

6 

i6\ij 

337 

63-9 

10 22 

6 

16-4 

338 

66-0 

10 45 

6 

3 6-6 

339 

7x’o 

I 5 P.M. 

6 

i6-j 

340 

72-1 

1 29 

6 

i6'8 

341 

727 

I 53 

6 

17-1 

34^ 

72-8 

2 18 

6 

17-4 

343 

72-8 

2 40 

6 

i7‘3 

344 

72'8 

2 59 

6 

17-3 

345 

7^-5 

3 24 

6 

i7'5 

34d 

72'3 

3 45 

6 



59-8 

6 i'o 

62'8 

d 4’3 

69- 9 

70- 5 


4 53 

7 4 A-M. 

7 33 

8 1 


9 40 
10 5 

10 25 
10 48 
I 13 P.M. 

1 34 


January 4th. Foggy morning. 



DETAILS OF THE MEASUEEMENT. 


Extracts from the Field Booh — (Continued.) 


“25 


0 

m 

' 4 -> 

V 4 -t 

0 

CD 

S 

Hean time of 

►ars used 

0 

> 

0 

• 4.2 

CD d 

CQ 

- ^ 

lyfumeral 
shewing 
arrange- 
ment of 

1848 

4 :} 

0 

m 

© 

(3 

'0 

1 

Mean time of 

nd . 
© 

QQ 

PJ 

i 

. D 

I 

-§ 

M.a 

bO 

Numeral 
shewing 
arrange- 
ment of 

1848 ^ 

0 

1 

8 

§ 

ending 

rU 

*8 

•SI 

• 4 J 

ip 

w 

ffli 

u 

a 

W 

m 

0 

8 

a 

"o 

6 

g 

© 

& 

a 

H 

ending 

■s 

4 

tw •'*( 

0 3 

;Si 

iS 

(S 

p; 

m 

I 

a 

6th Jan. .36a 

0 

7 i '3 

7i. m. 

I 57 P.M. 

feet. 

6 + i9’o 

I 

2 

8th Jan. 

406 

0 

727 

7 j. m. 

2 16 P.M. 

feet. 
6 -f I 7’4 

I 

2 

‘3^3 

72'0 

2 20 

6 

Ip'O 

I 

2 


407 

72-3 

3 39 

6 

17-6 

I 

2 

5<54 

72-0 

2 44 

6 

i8-8 

I 

2 


408 

72-2 

3 3 

6 

177 

I 

2 

3^5 

72-0 

3 7 

6 

19*2 

I 

2 


409 

72-1 

3 23 

6 

^rs 

I 

2 

366 

7X‘2 

3 35 

6 

I 9‘4 

I 

2 


410 

71-9 

3 47 

6 

17-4 

I 

2 

367 

70-9 

3 58 

6 

19-1 

I 

2 


4IX 

71-5 

4 4 

<5 

17-4 

I 

2 

368 

(599 

4 ao 

6 

I9'2 

I 

2 


412 

7I'2 

4 24 

<5 

17-2) 

I 

2 

369 

69- 1 

4 40 

6 

J 9'2 

I 

2 


413 

70-5 

4 45 

6 

i 7‘5 

t 

2 


67-8 

5 3 

6 

18-9 

I 

2 

10 th „ 

414 

69'a 

5 ^ 

6 

I7'8 

J 

2 

7 th „ 371 

47-3 

7 6 A.M. 

6 

ip’O 

I 

2 

415 

50-x 

7 19 A.M. 

6 

17-8 

I 

2 

372 

48'o 

7 36 

6 

i 9‘3 

I 

2 


416 

5ri 

7 42 

6 

17-9 

I 

2 

373 

49-8 

8 I 

6 

i 9’3 

I 

2 


417 

52-8 

8 6 

6 

i8-o 

I 

2 

374 

ji'a 

8 24 

6 

J 9'5 

I 

2 


418 

55 ' I 

8 36 

6 

i8'o 

I 

2 

375 

5 a '9 

8 48 

6 

19-5 

1 

2 


419 

57 ‘o 

8 52 

6 

1 8', 3 

1 

2 

37^ 

54-0 

9 la 

6 

I 9’2 

I 

2 


420 

59’° 

9 14 

6 

i8'8 

I 

2 

377 

5 . 5 'a 

9 33 

6 

i 9'3 

I 

2 


421 

61-4 

9 40 

6 

i8-8 

I 

2 

378 

57 ‘o 

9 5(5 

6 

19-4 

I 

2 


422 

( 5 . 3'3 

10 3 

6 

187 

I 

2 

379 

58'9 

10 17 

6 

ip’a 

I 

2 


423 

65 ’2 

10 24 

6 

187 

I 

2 

380 

(5o'4 

10 37 

6 

i8'9 

I 

2 


424 

66-2 

10 47 

6 

1 8-4 

,I 

2 

381 

62 '9 

II I 

6 

Ip’O 

I 

2 


425 

677 

II 13 

6 

j8'5 

I 

2 

382 

(58'a 

I 21P.M. 

6 

i8-8 

I 

2 


426 

72-5 

I 37 P.M. 

6 

18 9 

I 

2 

383 

69 'i 

I 42 

6 

19-1 

I 

2 


427 

727 

I 38 

6 

18-5 

I 

2 

384 

< 59-7 

2 6 

6 

ip-a 

I 

2 


428 

73-4 

2 22 

6 

18-5 

1 

2 

383 

70-0 

2 26 

6 

187 

I 

2 


429 

73-2 

2 44 

6 

j8'4 

1 

2 

386 

70-2 

2 48 

6 

i8' ^ 

I 

2 


430 

73 '5 

3 8 

6 

18-4 

1 

2 

387 

7o’a 

3 9 

6 

i8'i 

1 

2 


431 

73-2 

3 31 

6 

18-9 

I 

2 

388 

70'i 

3 3(5 

6 

i 7‘3 

I 

2 


432 

73 '0 

3 55 

6 

19 ’3 

^ ' 

2 

389 

697 

3 58 

6 

i 7'3 

1 

2 


433 

72\5 

4 A 5 

6 

18-9 

I. 

2 

390 

69 '0 

4 19 

6 

17-4 

I 

2 


434 

71-8 

4 38 

6 

i8-8 

^ i 

2 

391 

(587 

4 39 

6 

17*1 

I 

2 


435 

7ri 

5 2 

6 

187 

I 

2 

392 

<> 7-5 

5 I 

6 

I7'2 

I 

2 

11th „ 

43(5 

50'4 

7 9 A.M. 

6 

i8-i 

1 

2 

8th „ 393 

47-5 

7 7 A.M. 

6 

17 ’ 3 

I 

2 


43 7 

50-0 

7 37 

6 

18-4 

I 

2 

394 

487 

7 3(5 

6 

i7'i 

I 

2 


438 

52-2 

8 7 

6 

i8-8 

I 

% 

395 

49-5 

8 0 

6 

i7'6 

I 

2 


439 

54-0 

8 31 

6 

i9'o 

I 

2 

39*5 

50'9 

8 24 

6 

[8’o 

I 

2 


440 

5H 

8 57 

6 

i 9'3 

1 

2 

397 

53’3 

8 50 

6 

17-8 

I 

2 


441 

59'2 

9 23 

6 

i9'6 

1 

2 

398 

557 

9 H 

6 

17-9 

I 

2 


442 

62’0 

9 48 

6 

i9'5 

I 

2 

399 

58 ’i 

9 39 

6 

i7'9 

I 

2 


443 

53'5 

10 12 

6 

m 

I 

2 

400 

( 5 I ‘2 

10 I 

6 

i7'6 

I 

2 


444 

6i;’2 

10 38 

6 

30*3 

I 

2 

401 

63-9 

10 27 

6 

i8'2 

I 

2 


445 

6'8-8 

II 31 

6 

20*3 

I 

2 

402 65-5 10 48 6 i8‘5 

403 < 58-0 II 13 6 18-3 

404 72-0 I a8 p.M. 6 tS'x 

405 72-3 I 52 i <5 I 7-5 

The dot denoting Station C was fixed e> 
Height of set No. 445 above Station 0 
The terminal point of set No. 445 was 

I 

I 

I 

I 

:actly i 

= 0-3 

the po 

2 

2 

2 

2 

in the 
feet, 
dnt of 

Total + 26817 

normal at the advanced-end of set No. 445 . 

origin for set No. 446 . 
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SONAKHODA BASE-LINE 


Extracts from the Field Booh — (Continued.) 





DETAILS OF THE MEASUEEMENT 


V. 


Extracts from the Field Booh — (Ooutinued.) 


■27 


1848 

43 

<» 

D2 

0 

0 

Temperature of Air 

rcS 

0 

DQ 

P 

Mean time of | 
ending ^ 

HeigM of Set above 
origin 

[Numeral 
shewing 
arrange- 
ment of 

1848 

0 

CQ 

0 

•S 

Cm 

0 

Temperature of Air 

rd 

0 

■ 3 

Mean time of § 
ending 

"S 

il 

Height of Set above 
origin 

Numeral 
shewing 
arrange- 
ment of 

Bars 

Micros : 

i 

R 

Micros : 



0 

Jh M , 


feet. 





0 

7 t. m. 


feet. 



|15th Jan. 546 

7^‘3 

4 26 P.M. 

<S -f 21-2 

I 

2 

17 tli Jan, 565 

7.3‘i 

2 49 P.M. 6 + 21-3 

I 

2 


547 

70-9 

4 45 

6 

21-3 

I 

2 


567 

73’ I 

3 <5 

6 

20-5 

1 

2 


548 

68-7 

5 la 

6 

21'4 

I 

2 


568 

73'o 

3 27 

6 

20-5 

I 

2 

17 th „ 

549 

5i'3 

7 4 A.M. 

6 

21-4 

I 

2 


5<59 

72-7 

3 47 

6 

20*7 

I 

2 


550 

52-2 

7 ^7 

6 

21*4 

I 

2 


570 

72-3 

4 9 

6 

20-8 

I 

2 


551 

54 'o 

7 49 

6 

21*4 

I 

2 


571 

7 i '9 

4 26 

6 

20-8 

I 

2 


552 

557 

8 II 

6 

21-3 

I 

2 


57a 

7 i ’5 

4 44 

6 

20-9^ 

I 

2 


553 

5 7 ‘2 

8 32 

6 

21-6 

I 

2 


573 

70-0 

5 4 

6 

20*9 

I 

2 


554 

58-6 

8 51 

6 

21-5 

I 

2 

00 

574 

49-2 

7 8 A.M. 6 

21*0 

I 

2 


555 

bo- 1 

9 9 

6 

21-6 

I 

2 


575 

50’3 

7 31 

6 

21*0 

I 

2 


55<5 

61 2 

9 27 

6 

21-7 

I 

2 


57*5 

51 ’5 

7 51 

6 

21*0 

X 

2 


557 

62-9 

9 49 

6 

21*5 

I 

2 


577 

5^’5 

8 9 

6 

21*0 

1 

2 


558 

64-0 

10 6 

6 

21*4 

I 

2 


578 

54 ’ •! 

8 31 

6 

21*1 

I 

2 


559 

<557 

10 25 

6 

21-3 

I 

2 


579 

55 ’^ 

8 30 

<5 

2X*0 

I 

2 


560 

67-1 

10 43 

6 

21*5 

I 



580 

57 '° 

9 12 

6 

20*9 

I 

2 


561 

< 58-9 

” 5 

6 

21*4 

I 

2 


581 

58-7 

9 33 

6 

20-6 

I 

2 


S6i 

737 

X 27 I.M. 

6 

21-3 

I 

2 


582 

61-4 

10 5 

6 

20-8 

I 

2 


5153 

737 

I 47 

6 

21-6 

I 

2 


583 

6&0 

10 37 

2 

21-7 

2 

3 


5^4 

73'4 

2 8 

6 

21-8 

I 

2 





- 





5<55 

73 

2 28 

6 

21-7 

1 

2 




Total + 2861-1 


1 


The advanced-cEcl of set ¥0. 583 fell in excess {i. e. north-east) of the dot at JSTorth-East-End 2-8243 feet, as 
measured on Cary’s brass scale with a beam compass. 

Height of set No. 683 above North-East-Eud = 1-4 feet. 


Reduction to Mean Sea Level. 


Let tlie sections into which tliis base-line is divided be denoted as follows : 

Sonth-West-End to Station A by Section I; Station B to Station 0 by Section III ; 

Station A to „ B „ II; „ C to North-East-End „ IV. 


Then in the notation of ( 7 ) page I we have 

E = 223 ; h = 24’4; 8/i = + 4‘i ; Log R = 7*32010, all in feet ; and w = 582, 



\ff 

a 

n 

dh 

F 

X 

<4 

Oi 

0 


•j- ^ 



+ 

+ 


— 



Section I ... 

156 

0 

145 

1*0 

229 

9136 

•0007 

•0975 

•0982 

,, II ... 

1274 

0 

146 

1*0 

1494 

9199 

•0045 

•0982 

•1027 

„ III ... 

2682, 

0 

154 

i*i 

3075 

9703 

•0093 

•1035 

•I 128 

„ IV ... 

a86i - 

-^14 

137 

1*0 

3341 

8650 

*0101 

*0923 

•1024 





SOHAKHODA BASE-LIITE. 


Yerificatory Minor Triangulation. 



Q bO 

JSTame of Station 

Corrected Anglo 

Log. Sine 


Distance in 

tw © 

0 'Tl, 

O Ctj 

Log. Distance 

Deet 

Miles 

s § 

1 

South-West-End of Base, "I 
or Bonakhoda T.S. j 
Station A, 

j> a ... ... ... 

47 33 afiid 

6o I 54‘i 89 
7a 24 38709 

9*858030072 

9-937669349 

9-979205624 

1 

3-849552995 

3-919192272 

3-960728547 

9135-4206 

1-730 

/ 

;/ 

+ 0*637 



180 0 0-013 






2 

Station a 

„ A, 

» ^ 

62 12 d°'^S3 
66 34 28-434 
■Ji 12 41-395 

9 - 94<5793283 

9-962643098 

9-891795889 

3-904550389 

3*920400204 

3-849552995 



""0*672 



180 0 0‘012 






3 

Station A, 

» /3 

» B, 

S3 ^3 33-021 
71 0 21-242 
55 3<5 5751 

9-904574618 

9-975685459 

9-916521976 

3-892603031 

3-9637^3872 

3-904550389 

9198-4335 

1-742 

-f 0-536. 



180 0 0-014 






4 

Station (3 ... 

„ B, ■ 

» r 

68 35 6-1 16 
60 55 10-383 
50 29 43-516 

9-968931234 

9-941480679 

9-887377434 

3-974156831 

3-946706276 

3-892603031 



-0*405 



180 0 0*01^ 






5 

Station B, 

» r 

„ 0, 

63 28 41-780 
59 37 2-546 
56 54 15-693 

9-9^1709024 

9-935843215 

9-923119749 

4-002746106 

3-986880297 

3-974156831 

9702-4251 

1-838 

-0-159 



180 0 0*019 






G 

Station y ... 

„ c, ... 

„ 8 

53 59 4I‘470 
57 37 49’207.‘ 
68 22 29-341 

9-907929287 

9-926656983 

9-968302929 

3-942372464 

3- 961100160 

4- 002746106 



—0-308 



180 0 o’oi8 






7 

Station 0, 

„ 8 

North-East-End of Base, l 
or ilamgauj T.S. J 

^5 27r54-7oa 
42 55'53o 

57 49 9-784 

9-958902578 

9*922182964 

9*927562000 

3’9737Jt3042 

3-936993428 

3-942372464 

8649-5483 

1-638 

—0-756 

1 


i8o 0 0-016 

1 



36685-8275 

6-948 



Note. Each side of a triangle is giren in the same horizontal line idth the angle which it subtends. 


u m ^ vx verificatory triangiilation were measured with a 3-foot Theodolif^ 

by Troughton and Simms, read by 5 micrometer-microscopes. At all tlie stations 3 measures 
were made on each of 8 zeros. The stations on the line are South-West-End, A, B C and 
ISorth-East-End.— The auxiliary stations are a, ^ and y. » V » ’ 



SONAKHODl BASE-LINE 


—30 

Comparison in feet between the values compiited by means of the verificatory triangulation 

and the measured value. 


Of the entire line. 


South-West-Bnd to Nortli-East-End by the measuremenfl Log. 

page 366857946 4-564 4979 30 

„ computed in terms of Soutb-W est-Eiid ) 

to Station A page V 4 ' 5^4 49^3 


Log. computed value — Log. measured value = + o-ooo 0003 90 


In terms of the entire line 

hj measurement. 



Computed 

Computed 

Measured’^ 

South-West-End to Station A 

9135*4124 

d 

0 

00 

10 

Station A to Station B 

9198-4253 

-1--0030 

„ Bto „ C 

9702-4164 

+'0037 

„ C to North-East-End 

8649-5405 

+■0015 


Of each section in terms of the others. 


South Wost-End 
to Station A 


Measured lengths* . . 9135-4306 

Computed on base South- \ 

■West-End to Station A J ‘ * 

Computed on base 
Station A to Station B J ’ * 

Computed on base \ 

Station B to Station C J 


Stni ion A to CoTnputod 

Station B — 

Measured 


9198-4333 

9198-4335 


+ -OII3 




ShitioTi B to CoJtipnted 
Statd’on C — 

Measured 


970^41^^7 

9703-4351 

9703-4133 


■+•0134 
+ -0006 


Stai'ioii C to Coinputod 

Nort.h East-End 

Measured 


8649-5390 

8649-5483 

8649-5378 

8649-5373 


+-0093 


•001.3 


■•0017 


Not®. — S ince Loge (x dx) = Loge x 4- ^ -f &c. 

£C JuX** 


dx = I^Logio (x4- dx) — Log^ vluch expression the required 


variations in the foregoing natural numbers have been calculated. 



SONAKHODA BASE-LmE 


Description of Stations. 



SOUTH-WEST-END OF SONAKHODA BASE, oe SONAKHODA TOWER STA- 
TION, lat.26" 15', long, 88° 15' is situated in tliana Kaliaganj of the Piirnea district, and stands 
at a distance of 200 yards to the N, of the village of Sonakhoda, and close to a cart road leading 
to Kishanganj. The village of TLitgaon is about 3 miles towards the S.W. ; Paharkata, nearly 
5 miles to the W. by S., and Gernabari, about 2| miles nearly due west. 

The tower at this station is entirely of masonry, 24 feet high and 14 feet squai-e at top, and as it marks 
the extremity of a hase-line, its construction is adapted to the requirements of the measurement by means of a vaulted 
passage running through it, on a level with the ground, in the direction of the line. In the centre of the tower, on the 
floor of the vaulted passage, there is a small plate of brass let into stone ; the station mark is engraved on the brass and 
was transferred to the top of the tower through the hole in the vault. The pillar for the theodolite is built on the 
vault of the passage, and is separated by a small annular space from the rest of the building so as to be isolated 
from it. When all the observations had been taken at this station, the two openings of the vaulted passage were 
closed with masonry, and a cone of masonry 3 feet high was built on the top of the tower over the theodolite pillar. 
The distance between the upper mark on the top of the pillar, and the mai'k on the floor of the vaulted passage is 
3T6 feet. A. flight of steps is built along one side of the tower rvith a lauding place at top, the portion ■which adjoins 
the tower being of masonry, but the lower part which projects beyond it was of mud, and was removed after the obser- 
vations had been all taken, so as to prevent idle people gaining access to the top. 

NORTH-EAST-END OF SONAKHODA BASE, ob RAMGANJ TOWER STA- 
TION, lat. 26° 19', long. 88° 20', is situated in thana Kalfaganj of the Pdrnea district, and 
stands close to the S.W. side of the village of Ramganj. The village of Gbagra, is about li 
miles towards the S.S.E., and that of Maiiikpdr about l-^ miles nearly due W. 

The station is marked in the same manner as Sonakhoda Tower Station, with the difference that the 
height of the tower hero is 20 feet above the sui-face of the ground, and the distance between the upper and lower marks 
is 18 feet. 

STATION A. Is situated in tbana KaH%anj of the Piirnea district, on the straight line 
joining Sonakhoda and Ramganj Tower Stations and at about 1| miles from the former point. 
The nearest village to it is Balanja which is about a mile to the S.W. 

The mark consists of a dot on a bmss pin fixed in the head of a stout wooden picket, driven about 5 feet 
into the ground and projecting 14 inches above the surface. This picket is surrounded by 3 others of equal height for 
the support of the theodolite stand, and an isolated platform of earth of about 14 feet square was raised around these 
pickets which are also connected together with earth work. 

STATION B. Is situated in tluina Kaliaganj of the Piirnea district, nearly mid-way 
between the ends of the base-line. The village of Bbatgaori is distant about a mile to the S.E. 

The mark and platform at this station are similar to those at Station A, 

STATION C- Is situated in thiina Kaliaganj of the Purnea district, on the straight line 
joining Sonakhoda and Ramganj Tower Stations and at about If miles from the latter point. 
The nearest village is Madaripiir, distant about half a mile to the N.E. 

The mark and platform at this station are similar to those at^ Station A, 

AUXILIARY STATION a or MUNAPARA. Is situated in thana Kaliaganj of the 
Purnea district, and stands on the south bank of a tank, about half a mile S.E. of the village of 
Munapara. 

It is denoted by a platform of earth 18 inches high and 14 feet square at top, with a central masonry 
pillar, 4 feet in diameter and isolated from the rest of the platform by an annulus of masonry, 2 feet thick, built at a 
small interval around the pillar. There are mai'kstones at top and bottom of pillar. 





GHACH OR ATTOK BASE-LINE. 



CHACII 01^ ATTOK BASE-LINE 




The middle point of this base-line is in Latitude N. 33“ 55', Longitude E. 72“ 29' ; 
the Azimuth of North-Bast-End at South-West- End is 234“ 41', and the line is 7‘83 Miles in 
length. 

The measurement was effected under the directions of Lieut.-ColoneP A. S. Waugh, R.E., 
with the aid of the following ; 


Captain A. Strange 
Mr. G. Logan 
Lieut. J. T. Walker R.E. 

„ T. G. Montgomerie R.E. 
Mr. H. Keel an 

„ J. Mulheran 

„ W. N. James 

„ J. B. N. Hennessey 

„ G. H. W. Shelverton 

„ N. A. Belletty 

„ W. H. Johnson 

„ C. J. Carty 


* Now (Joueral Sir A. S, Wangh. 



CHACH OE ATTOK BASE-LINE 



INTRODUCTION. 


This base-line was measured on the plain of Chach, East of Attok in the province of the 
Punjaub, the West-End being East of the Attok fort about 8 Miles. The line was selected 
under the personal superintendence of Lieut. Colonel A. S. Waugh R.E., and the ground prepared 
by Mr. J. 0. N. James. 

The measurement was commenced at Kalu or South-West-End, bar-tongues pointing 
North-West, and carried on continuously io Agzar or North-East-End, so that every succeeding 
set originated at tlie point marking the terminus of its predecessor. The line was divided into 
4 sections by the sub-dividing points A, B and C to admit of verification by minor triangula- 
tion. 


Comparisons between the compensated bars and the standard A were made on three 
different occasions, «'.(?. before the measurement near the South-West-End, after set No. 341 at 
about the centre of the base and after the meastirement near the North-East-End. The com- 
paring piers were in all three cases set up parallel to the line and within a few feet of it ; but on 
the first occasion, when 47 comparisons were made, the ends of the bars were reversed to obtain 
a more fixvorable light, so that the bar-tongues pointed South-East ; in the second series of 83 
comparisons the bar-tongues pointed as during the measurement to the North-West, and there 
are reasons for concluding that this latter direction for the bar-tongues was maintained in the 
tliird series consisting of 93 comparisons, taken on the conclusion of the measurement. 

One of the two comparing microscopes employed in the preceding bar comparisons was 
provided with a micrometer, while the other had its wires (or lines) fixed. 

The compensated microscopes were compared with their scales on 6 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

In respect to time, the first set of bar comparisons was made on the 6th December 1853, 
the last on the 22nd of the following February. 

The stations of the verificatory triangulation were 9 in number, forming a single series 
of triangles. Of these stations, 5 were in the alignment, viz. South-West-Bnd, A, B, 0 and 
North-East-Bnd, while the auxiliary points a, /8, y and 8 were placed on suitable sites South- 
East of the line. The angles were measured by Lieut. T. G. Montgomerie R.E., with Barrow’s 
3-foot theodolite on 10 equidistant zeros ; three measures were taken on each zero, so that 30 
measures in all were taken of each angle. 
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4 

Comparisons helwem ihe Standard Bar A and the Compensated Bars A, D, E, H, 

made at Kdhy or 8outh-West~Mnd of the hase-line, before the measurement. 
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6th 

7 48 A.M. 

I 

39-4 

3373 

406*6 

1028*9 

1002*2 

1026*1 

1056*0 

1017-5 

1040*0 

1028*5 

Ijfc--Cal. Waugli 


10 II 

2 

52-3 

40*158 

, 53^-0 

1031-9 

999*0 

1033-0 

1058*2 

1024*0 

1034-9 

1030^2 

at the inicronie- 


39 

3 

58-6 

48*83 

< 56 o *5 

1029*9 

1003*9 

1033-8 

1064-0 

1025*0 

1031*9 

1030*9 

ter microscope .* 


0 32 P.M. 

4 

( 5 o -3 

52*80 

73 5 -0 

1032*8 

1005*0 

1040*0 

1063*8 

1026*9 

1028-8 

1032-9 

Jjt. Moiit^ornc- 


I 0,6 

5 

61-9 

56'oo 

789-3 

1030*0 

1003*0 

1042*0 

1064*1 

1030*0 

1030-9 

1033-3 

microscope. 


a 69 

6 

62-9 

5970 

842*5 

1030*0 

1003*0 

1046*0 

1071*0 

1028*0 

i< 3 <i 5-5 

1033-9 


3 4.5 

7 

6r8 

6070 

859*0 

1031*9 

1005*8 

1048*2 

1065*0 

1027*9 

1027-5 

1034-4 


7 th 

y 01 A.M, 

8 

35 '9 

35‘23 

429*4 

1017*0 

990*8 

1020*6 

1048*2 

IOII-6 

1034*1 

1020*4 

Lieut. Montgo 


8 19 

9 

40-9 

3573 

449*7 

1027*4 

ioox*4 

1033*0 

1054*6 

1021*0 

1045-4 

1030-5 

morio at the mi- 


9 10 

10 

49-3 

37-85 

485*8 

1030*6 

1000*5 

103 1 -I 

1058*4 

1024*9* 

1036*8 

1030-4 

oromoter inicro- 


9 54 

10 30 

11 4 

11 

12 

^3 

52-5 

577 

dou 

40*95 

44-30 

47-88 

539 -9 

590*1 

945 -4 

1028*1 

1026*8 

1020*0 

99 8 ’a 

991-1 
995 -a 

1032-6 

1031*0 

1030*6 

1059*9 

1055-9 

1050*8 

1022*2 

1021*8 

ioi8*9 

1035-2 

1029-8 

1022-2 

1029*4 

1026*8 

1022*3 

scope j Mr, JCee- 
Itiii at the plain 
nibroseopo. 


0 2 P.M. 

14 

61 -8 

53 -ao 

739*4 

1023*1 

993-1 

1037*1 

1058*9 

1021*9 

1024*2 

1026-4 



0 33 

15 

63 ‘2 

55-33 

772*9 

1023*3 

99 r *8 

1037-4 

io6x*7 

1023*9 

1025*4 

1027-3 



1 7 

16 

644 

57-53 

8io*9 

1022*4 

997-3 

1038*9 

1065*1 

1025*4 

1024*7 

1029-0 



I 42 

17 

64-9 

5948 

843*6 

1025*8 

999-6 

1044*3 

1070*1 

1027*2 

1024*9 

1032-0 



2 14 

18 

<55 ’3 

60 '85 

865*8 

102.8*5 

1000*5 

1048*1 

1067*1 

1027*3 

1025*2 

1032-8 



a 48 

19 

65-5 

62'o8 

884*1 

1031*0 

1003*5 

1049*6 

1072-8 

1030*2 

1027*0 

1035-7 



3 31 

20 

6s- 1 

<53-13 

901*2 

1025*8 

1006-9 

1048*8 

1073*9 

1030*7 

1030*0 

1036-0 


8th 

8 7 A.M. 

21 

424 

38*98 

478*0 

1005*9 

982-1 

1014*0 

1051*2 

1001*2 

1026*7 

1013-5 

Cloudy moruing-. 


9 14 

22 

49-6 

41*18 

518*3 

1012*8 

986-8 

1018-3 

1043-4 

1004*1 

10217 

1014-5 

Mr, Keolan at 


10 20 

a 3 

55 ’o 

45-75 

597-6 

1010*6 

983-1 

1021*8 

1050-4 

1010*8 

1015*6 

1015-4 

the microineter 


IT 42 

24 

604 

51-73 

703-3 

1007-a 

984*3 

1022*8 

1051-1 

1008*3 

ioo7*x 

1013-5 

microscope : lit. 

rt 1 AH 4 " 4 *T\ yv 


0 25 P.M. 

2.5 

62' j 

54-78 

754-3 

1009*9 

985-5 

1028*0 

1050*0 

ioo8*o 

lOlO’O 

1015-2 

VV lAfAilur llU ullO 

plaiii micrafl; 


I 10 

2(5 

64 "6 

57-73 

799'9 

1014*9 

989-1 

1032-1 

1052*3 

1013*7 

1013-5 

1 019-3 



I £6 

27 

6 ( 5*1 

6o*20 

839*1 

1015*1 

986-0 

1030-4 

1057-0 

1013*0 

IOIO-8 

1018-7 



2 40 

28 

66*5 

62* 10 

868*7 

1012*3 

981*4 

I029-I 

1051-9 

lOIO-I 

I008-I 

1015-5 



3 

29 

65 '4 

<53-50 

888*5 

1009*3 

984*3 

I 029 ’I 

1056*6 

joo6-8 

1006-9 

1015-5 


9 th 

7 5 A.M. 

30 

394 

38-33 

442-1 

986*8 

965*1 

991*0 

1019*3 

984*0 

1005-0 

991-9 

Lt.-Col, Waugh 


7 37 

31 

38-2 

37-70 

435-5 

989*2 

970-9 

993*9 

1023-9 

984*8 

ioo8-o 

995-1 

at tlio mioromo- 


8 5 

8 33 

3a 

33 

407 

43 "5 

37- 65 

38- 23 

438-5 

449*1 

997*1 

1002*0 

973*2 

978-0 

999 * 1 . 

1003- 1 

1025-1 

1031-0 

989*8 

992*0 

1010*0 

1013*0 

999-1 
1003 -2 

fcer microscope: 
Mr. Keelaix at 

Try'll ... 


9 a 

34 

467 

39-55 

473-3 

1002*2 

,982-0 

ioo6*o 

1033-6 

996-2 

1014*0 

1005-7 : 

1 jLi c p ilh xik im « 

orosoope. 


9 26 

35 

49*2 

40*98 

500*3 

1005*0 

981-6 

1008*9 

1037-3 

1001*0 

1017*5 

1008-6 



9 49 

36 

5^-5 

42-53 

529*2 

1017*0 

983*9 

1014*9 

1041-9 

1005*4 

1017*9 

1013-5 



10 II 

37 

53-9 

44*28 

559-5 

ioii*5 

985 *<i 

joi6’o 

1045-1 

1006*2 

toi8'9 

1013-8 



10 33 

38 

56*6 

, 49'23 

591-0 

1013*8 

985*7 

1025*9 

1050-0 

1009-9 

1018*4 

1017*3 



10 57 

39 

59'3 

48*25 

624*5 

1013*9 

986-1 

1022*0 

1050- 1 

1009*9 

1015*9 

1016-3 



11 45 

40 

63-9 

52*48 

697*3 

1008*0 

978*0 

1019*0 

1043-0 

1004*1 

1004*9 

1009-5 



January 6th, At 2X, 12 jn. p.m., a, Tiolent earthquake occurred, apparently from W* to E. The stone pillars 
rocked to and fro, and the leyels \yere sdl much disturbed. 
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yi™. 


B0for$ th meamrement — (Coutinued) 


d A 


a>+ 7-22 


— 260-9 = 0 

a?4i77!^ {Ea 

-dE,) 

“454'3 = 0 

a-f 4-27 

n 

-219-4 = 0 

^+1577 

33 

—426-3 = 0 

+ 

do 

0 

33 

-179-6 = 0 

^+1375 

33 

-391-8 = 0 

i»— o-io 

33 

— 146-8 = 0 

a?4 9-52 

33 

—312-2 = 0 

Q 

I 

33 

— 127-0 = 0 

374 7-40 

33 

— 274-6 = 0 

« + 23-67 

33 

-549*8 = 0 

5-35 

33 

— 240-2 = 0 

4 24-30 

33 

_559-6 = 0 

374 3-22 

33 

1 

0 

q 

do 

II 

0 

ir 4 24-35 

33 

—560-6 = 0 

374 0-77 

33 

I 

Ox 

00 

id 

II 

0 

a? -J- 23-77 

33 

-554-1 = 0 

37— 1-30 

33 

—126-1 = 0 

a- 4 22-45 

33 

-532-4 = 0 

37— 2-63 

33 

-105-5 = 0 

4?4ai’02 

33 

-508-3 = 0 

a?- 3*75 

33 

— 82-6 = 0 

a? +19-47 

33 

-484-3 = 0 




And from the mean of these results, 





A 

X — 34ra2 — ir^i — dJE^): 
adopting the original value of the expansion of a given at page ( 9 ), 

m.y d 

K = ^^'^7 = i7’6i5> 

d m.y 

anda: = 138-47 -f 11-51 dE^ — 178-11 + 11-51 dE^ = jj~ A; 

where L denotes the mean length of the compensated bars obtained from all the comparisons, 

as represented by the mean micrometer reading 1017-09, page YI . 

$ 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following : — 


In terms of 

A-L 

B-L 

C - L 

D -L 

E-L 

H-L 

Micrometer divisions. 

CO 

i 

-29-95 

+ 7-23 

+ 32-33 

-6-15 

40-04 

Millionths of a yard, 

-448 

-38-55 

+ 9-31 

441-61 

-7-91 

40-05 


Also combining the values in this table with the ecpivalent of L— A above determined, 
there result, 

* . A m.y 

A - A =134-99 + 11-51 = 17373 + D ^ A = 170-80 + 11-51 + ir5i dE^ 

B - A _ 108-51 4 139-65 + „ E — A = 132-32 + „ = 170-30 + 

C - A = 145-70 4 „ = 187-52 4 ,, H - A = 138-51 4 ;, = 178-26 4 

m.y 

and Q X = 1069-3 -d" 69*1 dE^. 


>3 




BAE COMPARISONS 


VI-.. 


Comparisons lelween the Standard Bar A and the Compensated Bars A., Bj C, D, E, made 
on a site selected about the middle of the base-line, after set No. 341. 


< 

bD 

1 

0 

m 

1854 m 

o 

Ja^B. 

0 

1 

o 

No. of comparison 

Temperature of Air 

Corrected mean temperature of A 


MiOKOMETEB EEADXHaS IN' 

1 Division = [7.8],= 

Ditisioks. 

1*2837 m.y, of A 


EPMABEa 

Mean 

A 

A 

B 

C 

D 

E 

H 

Mean of the 
compensated 
bars 

h. m. 

0 0 

+ 

+ 


+ 

+ 

+ 

+ 

+ 


18 th I 10 P.M. 

I < 5 i'o 54 ’o 8 


993-9 

966-4 

1013-9 

1038-0 

993-9 

987-3 

998-9 

Capt. strange attlie 
micro : micros : Mr 

2 10 

3 64 '5 58'oo 

779-4 

9^-1 

970-6 

ioi6‘o 

1039-6 

996*0 

991-6 

1000-3 

Mulhoran at the 

3 7 

3 ( 5 < 5 'i 6ro5 

828-1 

993-1 

970-5 

1018-0 

1038-7 

993-0 

989-7 

1000-3 

plain microscope. 

1 9 th 8 I A.M. 

4 43-8 41-30 

478-5 

968-0 

945-4 

979-0 

1004-9 

965-8 

977-4 

973-4 

■Very cloudy mor- 

8 46 

5 46'5 42*20 

497-7 

974-5 

950-3 

979-7 

1007-3 

967-1 

980-9 

970-0 

Ring, 

9 35 

6 52-4 44'48 

559-7 

976-5 

953-0 

983-3 

1009-8 

970-9 

984-8 

979-7 


10 41 

7 .56'5 48-65 

609-3 

981-1 

954-0 

987-1 

10x6-0 

977-0 

980-4 

982-6 


025 P.M. 

8 55 '0 53 'o 5 

678-7 

980-9 

952-0 

995-5 

1020*2 

974-8 

978-0 

983-6 


I 2 

9 5 ' 5'3 53 'S.! 

<593-3 

98.? -0 

948-.3 

994-8 

1020-9 

978-6 

980*3 

984*3 


I 39 

10 57‘5 5475 

711-1 

985-8 

958-8 

999-6 

1022*1 

981-9 

984-3 

988-8 


2 14 

Jti 57'9 55 ’' 5 o 

725-9 

987-8 

959'2 

994-3 

1023-0 

981-4 

983-7 

988-1 


a 56 

5*^‘5 5 ' 5‘48 

739-1 

588*0 

960-9 

993-6 

1019-5 

979-3 

981-9 

987-3 


3 35 

13 587 57 'o 5 

749-6 

987-5 

959-8 

997 ‘3 

1022-0 

982-0 

984-8 

988-9 


4 13 

H 58’2 57 ' 4 o 

753-5 

987-9 

963-0 

993-1 

1021*0 

980-4 

983-3 

937-8 

Veiy cloudy through- 
out the day. 

20 th 7 42 A.M. 

15 47-8 46-85 

567-8 

973-3 

943 "3 

970-3 

1005-3 

961-7 

973-1 

971-0 

Cloudy morning. 

8 31 

16 50-6 47'3o 

576-0 

975-1 

944-0 

966-3 

1001*8 

963-5 

970-3 

970-0 

Lieut. Walher at the 
micrometer micro- 

8 59 

17 53‘5 48-28 

593-4 

973-3 

943-6 

976-5 

1005-2 

961-9 

969-4 

971-5 

scope ; Mr, Keel an 
at the plain micro- 

9 34 

18 55-<5 49‘58 

617-3 

974-2 

946-9 

973-0 

1004-3 

965-1 

973-5 

972*7 

scope. 

10 10 

19 57‘<5 5 i'J 8 

<544-3 

973 -x 

947-3 

976-9 

lOIO-X 

970-1 

974-8 

975-4 


lo 40 

30 59-r 53-68 

671-9 

976-7 

948-9 

985-6 

1013 -2 

973-8 

977*3 

979-3 


010 P.M. 

31 65-5 57-85 

763-6 

988-4 

963-7 

1 000-0 

1031-3 

990-7 

987-3 

993*5 

Sunshino. 

0 35 

32 67-3 59-38 

790-0 

987-7 

960-4 

1004-7 

1033-7 

989-3 

984-3 

993-4 


0 56 

33 67-8 60-73 

810-9 

985-3 

961-3 

1 004- 1 

1039*1 

991-8 

984-2 

993-6 


I 16 

34 67-4 61-78 

828-8 

984- X 

959-9 

999-8 

1029-7 

989-3 

982-9 

991-0 


I 35 

25 67-3 63-63 

842-6 

985-a 

960-7 

1000-7 

1027-8 

987-8 

983-9 

991-0 


I 53 

26 67-9 63-30 

853 -<5 

985-1 

958-8 

1 000-0 

1025-3 

988-3 

983-9 

990*2 


3 14 

37 68 ’0 63-95 

866-7 

987-3 

961-7 

1002-3 

1034-9 

989-9 

986-7 

992-1 


3 31 

28 67-6 64-43 

875-5 

991*9 

965-2 

1006-5 

1038-7 

988-6 

981-8 

993-8 


2 51 

39 67-4 64-88 

883-3 

991-5 

960-8 

1000-8 

1031-9 

993*6 

987-8 

994-4 


3 8 

30 67-5 65-15 

885-6 

988-4 

965-0 

1002-3 

1029-0 

989*3 

989-3 

993-9 


3 25 

3X 67-3 65-38 

888-9 

991 ‘5 

963-8 

999-2 

1030-6 

987-6 

983-1 

993-6 


3 43 

33 66-6 65-58 

889-8 

989-8 

963-0 

999-7 

1027*3 

988-3 

980-3 

991-4 


4 3 

33 65-5 65-60 

887-3 

986-1 

963-9 

1000-3 

1028*0 

978-8 

976-9 

9888 

Sunny afternoon. 

21 st 7 35 A.M. 

. 34 36-0 36-98 

397-1 

964-7 

941-5 

959'° 

993-0 

951-0 

973-6 

963-6 

Cloudy morning. 

8 17 

35 39-1 37-13 

400-4 

965-1 

946-1 

961-8 

995 ’° 

958-3 

974-7 

966-8 

Col. Waiij^h at the 
micrometer micro- 

9 I 

36 43-9 38-38 

424-4 

967-7 

943 'i 

964-5 

995'9 

957'5 

970-3 

966-5 

scope ; Lt. Walker 

9 3*5 

37 48-3 40-10 

458-6 

971-6 

944-3 

968-9 

998-6 

959-3 

973-3 

969-1 

aU lilts j-MOiiU lULAViiu- 

scope. 

10 8 

38 53-7 43-48 

501-4 

970-0 

946-3 

970-0 

999-1 

969*1 

972-5 

971-3 


10 40 

39 56-7 45-05 

547-9 

973-0 

945-0 

970-9 

1003-3 

970-1 

973-8 

972-5 


II 8 

40 59'3 47'68 

596-4 

974-5 

945-6 

976-0 

1009-9 

969-0 

974-0 

974-8 



January 18th.. (1) Very cloudy morning. (3) Sunny afternoon. 
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CHACH OR ATTOK BASjE-LINE 


After set No. 341 — (Continued.) 


< 

bo 

•P 


< 

0 


Mickometbb REAniNas ijr Division's 

1 ^ T«nT. r.? oi — i ..iti'i'T . 



1 

§ 

to 

1 



loiuAi. — 216 ‘ 27’47 ^ — * A-oui «».y. UA ^ 



g 00 

Mean of the times of 

No. of compari 

Temperature of 

Corrected mean tempei 

Mean 

A 

A 

B 

C 

D 

E 

H 

Mean of the 
compensated 
bars 

EbM ABES 

7 i. m. 

21 st o 30P.M. 

0 

41 64*0 

5498 

+ 

715-1 

+ 

973-7 

+ 

951-0 

+ 

989-9 

+ 

1022*0 

+ 

978-3 

4 - 

976-6 

+ 

981-9 


I 0 

4a <55 ‘3 

57-20 

752-4 

080-Q 

954-9 

988-2 

1026'0 

982*4 

981-0 

985*6 


I 41 

43 65-9 

.'5973 

794-7 

984-9 

960-1 

998-9 

1029-8 

986-0 

982-8 

990*4 


a 7 

44 66-5 

61 '03 

8:4-5 

986*1 

957-0 

996-1 

1029*2 

981-0 

983-0 

988-7 


!2 %g 

4 .? 67 '3 

61 '83 

827-5 

982*8 

958-0 

988-8 

1024*0 

984-0 

981-1 

986-5 


a 51 

46 67.4 

< 5 a ‘53 

837-0 

985-0 

956-3 

989-0 

10:9-9 

983-0 

983-0 

986-0 


3 la 

47 < 56-9 

63' 13 

844-d 

983-0 

957-0 

992*0 

1025*8 

980-0 

978-0 

986-0 


3 34 

48 66'5 

63-55 

85 1 -6 

983-1 

954-0 

987-3 

1022-2 

982-9 

979-8 

984-9 


3 57 

49 66' I 

63-85 

856-9 

982*0 

958-1 

988-2 

1021*9 

980-1 

980*1 

98.5*1 


4 20 

50 65-6 

64-03 

860-4 

982-9 

956-1 

986-1 

1022*0 

977-0 

976-2 

983*4 


22nd 7 39 A.M. 

3 * 46 't 

48-75 

jpo’o 

967-4 

938-7 

969-9 

991-8 

955-9 

968-7 

965*4 

Cloudy morning. 

8 2 

5a 46-a 

48-35 

582-9 

966-1 

940*6 

968-1 

995-1 

9.59-1 

966-1 

965*9 

Lt. Walker at the 
micrometer micro- 

8 23 

33 48-0 

47-98 

579-0 

968-3 

935-7 

963-9 

992-3 

951-3 

962-9 

962-4 

scope; I^tr. Keolan 
at the plain micros ; 

8 44 

54 50-8 

47-83 

581-4 

964-6 

936-1 

960-6 

990-3 

9.50-9 

958-1 

960-1 

9 3 

55 5 1 ‘3 

48-13 

587-2 

962-7 

935-1 

960-1 

988-3 

951-0 

954-0 

9.58*5 


9 22 

5 ^ 5 1 ‘4 

48-43 

592-4 

957-7 

927-4 

953-6 

983-7 

948-7 

954-0 

954 *a 

Cloudy. 

9 38 

57 53-5 

48-75 

599-2 

959-1 

927-3 

952-0 

986*0 

946-9 

952-8 

954-0 

9 54 

58 55'8 

49-38 

611-2 

956-4 

931-8 

956-0 

985-0 

949-3 

955-1 

95.5-6 


10 10 

59 5^‘9 

50-18 

626-0 

9.59-2 

932-3 

958-2 

990*2 

9.53-8 

9 . 59 -a 

958-8 


10 27 

do 37-8 

51-08 

641-6 

964-2 

934-9 

963-6 

995-7 

959-1 

962*8 

963-4 


10 44 

di 59-1 

52’00 

657-3 

961-7 

937’2 

966-3 

995-6 

960-8 

963-9 

964*3 


23 rd 7 30A.M. 

62 36*2 

40-75 

457-8 

974-0 

943-4 

963-4 

990-4 

949-5 

970-0 

965-1 

Capt. Strauffo at 
the micrometer mi- 

7 58 

<53 37'9 

40-15 

449-2 

970-6 

941-8 

9677 

992-0 

954-0 

971-2 

966-2 

croacope ; Mr. Ahil- 

8 20 

d4 41-5 

40*00 

450-1 

966-0 

941-5 

962-1 

991-4 

9.53-3 

966-9 

963-5 

heran at the plain 
microscope. 

8 44 

<55 4 < 5‘4 

40-45 

463-7 

962-6 

9 . 39'4 

960-0 

986-2 

9.50-2 

963-7 

960-4 

9 

66 5i'o 

41-75 

490-3 

964-9 

931-9 

960-4 

987-4 

949-0 

957*9 

958-6 


9 35 

67 54‘7 

43-73 

524-7 

960*2 

932-9 

959-1 

990-4 

9.53-9 

965*4 

q 6 o\% 

Cloudy. 

10 3 

<58 57-2 

46-13 

565-3 

963-4 

935-4 

967-3 

993-8 

957-2 

965-2 

■963-7 


10 24 

d9 57-9 

47-95 

595-6 

965-2 

937-5 

966-2 

995-5 

957-6 

965-0 

964-5 


10 43 

70 58-2 

49-38 

619*9 

966-2 

936-1 

972-5 

996-6 

962-2 

968-0 

966-9 

The morning pro- 
mised a flne day but 
this expectation was 

II I 

71 59 'o 

56’d8 

642-5 

970-0 

941*0 

975’5 

999-1 

964-8 

968-9 

969-9 ; 

0 23 P*M. 

7 a d4*4 

56-85 

746-0 

977-1 

951-8 

994-1 

1028-5 

979-1 

975*2 

984-3 

1 not realized. 

0 43 

73 647 

58-10 

766-5 

978-9 

955-6 

IOOX -2 

1025-4 

979-0 

977*9 

986-3 


I 0 

74 <54-5 

59-13 

781-8 

976-8 

954-4 

looo'o 

1027-0 

978-6 

974*1 

985-2 


1 18 

75 < 54 ’ I 

59-93 

795-2 

980-2 

957-0 

998-9 

1026-7 

984-1 

979-6 

g8j-8 


1 34 

7 d d 3’9 

60-50 

803-9 

978-0 

954-1 

998-5 

102 I '7 

983-5 

975*8 

985*3 


1 55 

77 637 

61-03 

812-0 

981-3 

952-0 

995'9 

1019-1 

977-2 

979*4 

984*2 


a 13 

78 d3-a 

61-35 

815-2 

980-9 

956-8 

995'° 

1018-9 

P 77-5 

977*3 

984*4 


a 31 

79 < 53 'i 

61-58 

8i8-8 

980-4 

948-2 

991-1 

1021-8 

979*0 

977*5 

983*0 


31 

80 d3‘i 

61-75 

823-0 

980-3 

958-0 

989-1 

1020‘4 

981-1 

978-2 

984*5 


3 10 

81 da‘8 

61-95 

824-6 

984-0 

959-4 

988-0 

1019-6 

980-3 

980-9 

985*4 


3 a8 

82 62 *4 62*03 

825-0 

979-5 

961-9 

984-2 

1017-9 

981-4 

977*7 

983*8 


3 46 

83 6 a* I 

62-05 

825-5 

977-2 

960-1 

990-4 

I0I9-0 

979-5 

976-7 

983*8 



Means 

53*76 

689-85 

976-83 950-52 

983-63 1012-53 

972-51 

975*41 

978*57 




BAR COMPARISONS 


After set No. 341 — (Continued.) 

As on page we have 

and from the preceding bar comparisons, we obtain the following series of results 


T 9 ^ {^a 

— dE ^) —% 8^’8 = 0 

*“ 3*58 { E ^ 

d 

— dEa ) — ior 6 = 0 

X + 4*00 


— 220*9 = 0 

*— 3-60 

33 

— 101*6 r= 0 

x + 0'95 

jj 

— 172-2 = 0 

*+25*02 

33 

-566*5 = 0 

a? +20-70 


-494-9 = 0 

*+24*87 

33 

—566-4 s= 0 

d?+i9-8o 


-478-9 = 0 

«+ 23*72 

33 

-542*1 = 0 

a?+ 17-53 


—440-0 = 0 

*+21-90 

33 

-510-5 = 0 

«+i 3‘35 

}} 

-373-4 = 0 

*+19-52 

33 

-469*8 = 0 

®+ 8‘95 

)} 

-304-9 = 0 

*+16*95 

33 

-424*6 = 0 

a?+ 8-17 

}) 

—291-0 = 0 

*+14-32 

33 

—378*4 = 0 

a?+ 7'25 

3 > 

—277-7 = 0 

7*02 

33 

—266*8 = 0 

x + 6-40 

n 

— 252*2 = 0 

*+ 4 '^o 

33 

-233*2 = 0 

x + 5-52 


-248*1 = 0 

*+ 2*27 

33 

~I 95‘7 = 0 

af+ 4*95 

» 

-239-3 = 0 

*+ 0*97 

33 

—174*2 = 0 

a?+ 4'6 o 

33 

-234-3 = 0 

*+ 0*17 

33 

-159-0 = 0 

a?+ 15*15 

33 

—403-2 = 0 

*- 0-53 

33 

—149*0 = 0 

*+14*80 

33 

-394-0 = 0 

*— 1*13 

33 

—141*4 = 0 

*+13*72 

33 

-378-1 = 0 

I ‘55 

33 

-133*3 = 0 

*+12-42 

33 

■~ 355’5 = 0 

*— 1-85 

33 

—128*2 = 0 

*+10*82 

33 

-331-1 = 0 

*— 2*03 

33 

— 123*0 =: 0 

*+ 9*32 

33 

-307-4 = 0 

*+13-25 

33 

- 375‘4 ~ 0 

*+ 4-15 

33 

—230-9 = 0 

*+13-65 

33 

-383*0 = 0 

*+ 2-62 

33 

—203-4 = 0 

*+14*02 

33 

-383*4 = 0 

*+ 1-27 

33 

— 181-7 = 0 

*+14*17 

33 

-378*7 = 0 

*+ 0*22 

33 

— 162*2 = 0 

*+13-87 

33 

-371*3 = 0 

CO 

b 

1 

33 

—148-4 = 0 

*+13*57 

33 

—361*8 = 0 

*— 1-30 

33 

— 136*6 = 0 

*+13*25 

33 

-354*8 = 0 

*- 1*95 

33 

-125-4 = 0 

*+12*62 

33 

' ~ 344‘4 = 0 

*- 2-43 

33 

— 118*3 = 0 

*+11*82 

33 

-332-8 = 0 

*— 2’88 

33 

— 112*1 = 0 

*+10*92 

33 

—321-8 = 0 

*- 3*15 

33 

— 108*3 = 0 

*+10*00 

33 

—307-0 = 0 

«- 3-38 

33 

-103*7 = 0 

* + 31*25 

33 

-507-3 = 0 
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CHACH OB ATTOK BASE-LINE 


YL 


After set No. S 41 — (Continued.) 


a;+ai*85 {Ea 

-dEa 

)_5i7-o = 0 

2*87 (E^ 

~ dE ^) 

—203*4 = 0 

X +% X’QO 

. }} 

- 5 i 3‘4 = 0 

ue + 2*07 

99 

— 192-6 = 0 

a? + 3 i *55 


-496-7 = 0 

«+ 1-50 

99 

— 181-4 = 0 

a? + 20-25 

)3 

—468*3 = 0 

x + 0-97 

99 

— 172-2 = 0 

a?+i8-27 


-435-6 = 0 

a7+ 0-65 

99 

— 169-2 = 0 

a?+ 15-87 


-398*4 = 0 

2?+ 0-42 

99 

— 164-2 = 0 

a?-H 4 -o 5 


—368-9 = 0 

a ;+ 0-25 

99 

— 161-5 = 0 

a?+ia-6a 

>9 

-347-0 = 0 

x + 0-05 

99 

— 160-8 = 0 

flr+ii-3a 

99 

-327-4 = 0 

x ~ 0-05 

99 

-158-8 = 0 

«+ 5'^5 

99 

-238-3 = 0 

X — 0-05 

99 

-158-3 = 0 

a;+ 3*90 

99 

— 219-8 = 0 




And from tlie mean 

of these results. 





X = 288*72 — 8*24 — dE ^) : 



adopting the original value of the expansion of A 

given at page (9), 



m,y d 

— aa‘67 = 1 7*660, 


d rn.y 

and X = 143*20 + 8'24 dE ^^ — 183*83 + 8*24 dE ^ = l A. 
Proceeding as on pO'ge VI ^ we obtain ; 


In terms of 

A-L 

B - L 

C-L 

D - L 

E -L 

H - L 

Micrometer diTisions. 

-1-74 

— 28-05 


+33-96 

“~6‘o6 

~3-i6 

Millionths of a yard. 

-2-23 

-36-01 

+6-50 

+ 43'59 

1 

00 

— 4-06 

Also the following ; 

A- A 
B- A 
C - A 
D - A 
E- A 
H- A 

d 

= 141-46 + 

= h 

= 148-26 + 
= 177-16 + 

= 137*14 + 

= 140-04 + 

mj / 

8-24 dEg ^ = i8i-6o + 

„ = 147-82 + 

« = i 90'33 + 

„ = 237-43 + 

„ = 176-05 + 

„ = 17977 + 

8-24 dE ^ 

99 

99 

99 

99 

99 




m.y 

and % X ■=■ 1103*0 + 49*4<^iJ„. 


/ 





BAR COMPARISONS 



Compamons Idwmi the Standard Bar A and the Compensated Bars A, B, Cj B, E, H, made at 
Agzar, or North-East-End of the hase-line^ after the measurement. 


1854 

Fob. 

Mean of tlie times of observing A 

’ No . of comjiarison 

Temperature of Air 

Corrected mean temperature of A 


MICEOMETBB EBADIlTGa IK 

1 Division = ~~Car)-’s Inch [ 7 . 8 ], = 

Division's 

= t-2843 m . ij . of A 


Eimabes 

Mean 

A 

A 

B 

c 

D 

E 

H 

Mean of tbe 
compensated 
bars 


Ji . m . 0 0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


16 th 

0 oJ.M. I 6 i-o 57’58 

829-1 

1062-1 

1041*1 

1083-0 

1104*3 

1062-3 

1063-2 

1069-3 

Cloudy. Col. \Vanfl:li 


0 40 a ( 5 o ’8 • 58'63 

85 2 -a 

1069-1 

1049*1 

1089-4 

1113*2 

1075-0 

1072*9 

1078-1 

at the micrometer 
microscope ; Lieut . 


I r5 3 < 52-1 59‘.38 

867-5 

1079-9 

1057-8 

1094*0 

II 11*0 

1078-1 

1077-7 

1083-1 

Walker at the plai ii 


I 45 4 63 ‘<5 . 59’98 

88i-o 

1081-0 

1058-0 

1097-6 

1120*9 

1078-1 

1082*0 

io86‘3 



a 17 5 (5;57 <5070 

893-1 

1085-4 

io( 5 a-o 

1093-9 

1I2I-3 

1084-8 

io8i-2 

1088-1 



a 47 6 6r9 ^o'pS 

897-0 

1087-3 

1059-9 

1094-0 

II 22 *I 

1083-0 

1080*1 

1087-7 



4 7 7 59 ‘ 4 o 

861-5 

1071-2 

1047-3 

1080*1 

1108-9 

1074-1 

1073-8 

1075-9 


17 th 

9 a 8 a.m. 8 49‘2 4873 

697-0 

1074-4 

1054-9 

1079-0 

1109*0 

1071-0 

1079-0 

1077-9 

Commenced oompa- 


JO 14 9 507 48-88 

7io'o 

1083-5 

1059-2 

1087-0 

1115-2 

1074-0 

1080-1 

1083-2 

risons after a rainy 
and stormy niffht, 


10 41 I'o 5a- 1 49-48 

72i’5 

io86’o 

io6r9 

1083-0 

1117-a 

1079*1 

1084-0 

1085-2 

tho weather contin- 


[1 8 II 53'6 50-23 

735'i 

1091-9 

1058-2 

1089-0 

1118-9 

1084-3 

1088-1 

1088-4 

aing cloudy. 

18th 

7 8 a.m. 12 38-1 39-33 

290-1 

824*3 

798-3 

817-9 

844-0 

809-8 

825-7 

Sao'o 

Captain Strange At 


7 .32 13 391 39’J8 

289-7 

825-1 

797-2 

8a 1*2 

84(5-1 

809-5 

829-1 

821-4 

bilw mtl/l. UillUlv4 lUL** 

croscopo ; Mr. Mul- 


7 49 14 40-8 39-28 

295-1 

825-3 

796- 1 

820-1 

846-2 

8io'i 

827-0 

820-8 

lieran at the plain 
microscope* 


89 15 41-4 39-58 

302-5 

826-9 

799-0 

821-8 

848-8 

813-8 

830-1 

823-4 



831 1 5 42-3 40-00 

313-2 

826-8 

803-0 

826-0 

854-2 

819-4 

833-8 

827-2 



94 17 4.3 ‘9 40‘90 

3397 

834-2 

807-7 

833-1 

860-3 

821-7 

838-3 

832-5 



9 22 18 45-0 41-43 

344-8 

834-5 

808-9 

836-6 

866-1 

827-1 

841-1 

835-7 



9 41 19 46-0 42-05 

355''5 

8,39-7 

813-9 

839-9 

869-5 

831-8 

846-7 

840-3 



9 79 20 46-8 42-75 

3 70-0 

840-8 

812-5 

843-0 

872-9 

835'<5 

844-6 

84i*(5 



10 18 21 47-8 43-50 

383-9 

847-0 

830*0 

845-5 

874-6 

837‘4 

847-0 

845-3 



II i;t 22 50-7 47-28 

445‘-t 

855-8 

823-1 

857-9 

894'3 

854’3 

853-0 

856-4 



0 11 P.M. 23 51-5 47-98 

459'5 

850-3 

825*8 

859-2 

893 '5 

856-1 

854-0 

85^-5 



0 33 24 52 -a 48-73 

471-1 

855-8 

827-5 

862-0 

892-4 

852-2 

856-6 

857-8 



0 52 25 52-5 49-38 

482-4 

855-0 

838-4 

857-8 

894-9 

853-4 

859-2 

858-1 



1 ' 9 2(5 53-1 49‘93 

493-4 

858-4 

830*0 

862-0 

892*1 

857-1 

861-3 

860-2 



I ,34 27 53-6 50-75 

507-4 

86 o'p 

833-0 

864-8 

893-1 

856-6 

860-2 

861 '4 



15^ 54'i 5 i '25 

5i5’9 

856-2 

830-4 

866-2 

894-6 

855‘9 

859-8 

860-5 



29 29 54-2 517.5 

524-9 

859-4 

833-9 

8<55-5 

892-8 

854-3 

860-3 

861-0 



2 25 30 54'o 52-20 

531-5 

857-4 

833-9 

86(5-5 

890-9 

855'4 

860-4 

860-8 



2 42 h 53‘9 52'55 

53<5-9 

859-5 

835-0 

864-1 

890-7 

854‘4 

860-2 

860-7 



.3 <7 82 537 52'93 

541-7 

857-.3 

832-3 

864-4 

893-3 

851-1 

857-4 

859-3 



3 24 33 53 “8 53 ’13 

544-<> 

838-8 

831-8 

863-7 

891-0 

852-3 

8 58*4 

859’.3 



3 43 34 53-9 53'3o 

547'o 

858-8 

832-0 

863-2 

888-0 

851-0 

8559 

858-2 



4 0 35 54-2 53-35 

5497 

854-9 

839-8 

860-0 

887-8 

846-8 

8549 

855-7 



4 17 3<5 54-6 53-43 

553-3 

857-3 

830-4 

861 -6 

889-3 

849-2 

852-0 

85(5-6 



4 35 37 54'^ 53 '^0 

552-9 

855-7 

837-0 

858-6 

884-3 

843-8 

848-3 

853-0 



February 1 6th. After No. 5 , the comparisons were stopped by rain and darkness for about | of an hour, 
„ 17th. (8) Raining heavy. 

„ 18th. (12) Foggy. (13) to (36) Cloudy. 





CHACH OR ATTOK BASE-LINE 


After the measurement — (Continued.) 


Miobometeb EEADiisras ik Diyisxoks 

1 Division = - Cary’s Inch [7.8], = D2843 m.y, of A 


Feb. I 


Mean 

A ABC 


D E H 


o ^ u 

9 g*-^ 


Eemabbs 


7i. m. 

0 ' 0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 


7 I 8 a.m. 
7 40 

38 40-0 41-93 

39 41-7 41-68 

353-9 

335-0 

846-1 

848-3 

822*6 

821*2 

844-9 

843-1 

873 - 6 

874 - 2 

836-7 

835-9 

848-4 

831-8 

843-4 

843-8 

Clear morning. Lt. 
W allcer at the micro- 
meter microscope ; 

7 58 

40 43-3 41-68 

337-1 

830-5 

821*2 

844-3 

873-1 

833 -a 

848-0 

843 '4 • 

'Mr. Keelan at the 
plain microscope. 

8 13 

41 44-3 41-83 

354-7 

833-1 

8x8*3 

843-3 

874-2 

830-6 

843-9 

844-6 

8 30 

42 45-5 42-13 

373-7 

852-1 

816-3 

843-1 

874-1 

833-2 

844-6 

843-9 

Cloudy. 

8 51 

43 47-3 4a73 

383-5 

849-1 

8 j 6-6 

842-0 

873-8 

833-9 

843-3 

843-5 


9 9 

44 49*0 43 '43 

394-2 

850-3 

817-0 

848-9 

873-9 

836-4 

846-8 

843-9 


9 26 

43 5o‘3 44’ J 8 

407-3 

832-2 

822-8 

850-9 

877-1 

838-8 

849-9 

848-6 


9 4^ 

46 5 1 ‘3 43 ’QO 

423-3 

849-7 

822-1 

851-2 

879-8 

841-1 

853-7 

849-6 


9 58 

47 52-4 43’93 

441-9 

837-3 

824-8 

856-4 

888-5 

845-7 

834-0 

854-3 


10 22 

48 54‘i 47'a3 

463-2 

862-1 

830-8 

861-9 

891-2 

831-8 

838-1 

839*3 

Cloudy. 

10 4 X 

49 34-3 48-30 

484-1 

867-3 

833-0 

866'z 

895-7 

833-1 

860 -I 

862*6 


II 46 

50 53‘8 31-40 

531-3 

873-2 

836-9 

876-2 

908-0 

863-3 

869-3 

871*2 


0 2 

31 3<5-3 32-08 

543 -r 

873-2 

839-7 

880-9 

910-4 

864-7 

869-1 

873*0 


0 18 

32 56-9 32-80 

534'8 

873-2 

839-8 

880-8 

909-7 

864-8 

872-4 

873-8 


0 37 

53 5 7 '4 53-50 

557-7 

876-3 

8435 

881-8 

914-9 

869-2 

871-1 

875-3 


0 50 

54 57-5 33-98 

373-5 

879-4 

846-8 

881-7 

914-3 

866-6 

875-2 

877-3 

Cloudy. 

1 2 

53 57-<5 54-33 

384-2 

875-8 

843-3 

881 -6 

911-9 

868-2 

873-2 

873-7 

^ A? 

5<5 57‘7 34-73 

391-4 

879-4 

848-7 

883-0 

910-5 

871-4 

877-2 

878-7 


I 29 

57 57-9 33-^5 

596*0 

876-9 

848-6 

879-1 

910-7 

870-3 

872-8 

876-4 


I 46 

58 58*2 ^ 55'68 

604*2 

877-3 

846-6 

884-9 

908-6 

868-6 

873-4 

876-6 


I 39 

39 58 - 1 36-08 

609*2 

877*8 

847-8 

883-0 

909-8 

872-7 

873-8 

878-2 

! 

2 12 

60 58-2 36-33 

6 i2*4 

879*0 

846-2 

883-2 

910-4 

870-3 

873-8 

877-2 

Cloudy, 

2 26 

57-9 3<5-58 

5x3-7 

877-8 

848-7 

882-0 

911-1 

871-2 

871-2 

877-0 


a 39 

62 57-3 36-73 

618-0 

873-2 

846-7 

878-1 

907-0 

863-7 

866-8 

872-9 


a 33 

63 37-1 36-88 

620-1 

871-7 

844-2 

878-7 

904-9 

868-1 

870-0 

872-9 


3 8 

<54 5<5-9 3<5-93 

621-4 

874-9 

843-4 

878-8 

904-3 

866-7 

870-0 

873-4 


3 20 

<53 5<5-8 37-00 

622-4 

873-3 

844-5 

878-1 

903-3 

863-1 

867-0 

871-6 


3 33 

66 36-6 36-98 

67 36-4 36-98 

621-9 

872-0 

842-2 

877-0 

901-6 

862-6 

864-4 

870-0 

Cloudy. 

3 44 

621-1 

872-3 

843-5 

878-0 

8g8'g 

862-8 

865-7 

870-2 


3 39 

68 56-2 37-00 

620-6 

869-8 

841-6 

874-1 

900-2 

862-1 

864-0 

868-6 


4 II 

<^9 5<5:o 36-90 

619-3 

870-8 

841-1 

872-9 

900-7 

862-3 

864-2 

868-7 


4 24 

70 33-6 36-78 

617-9 

872-9 

844-2 

874-7 

899-5 

898-8 

861-6 

866-4 

869-9 


4 38 

71 35-2 36-63 

515-3 

869-8 

841-6 

872-3 

858-8 

860 -x 

866-9 


7 12 A.M. 

72 46-9 3 . 6-48 

466-2 

885-6 

833-5 

879-8 

9 o8'6 

872-2 

881-2 

880-3 

Lt, Walker at the 
micrometer micro- 

7 43 

73 48-6 46-48 

459-5 

883-4 

854-3 

879-8 

903-5 

870-6 

879-3 

878-9 

scope; Mr. Keelan 
at the plain micro- 
scope. 

8 16 

74 50-3 4 ^ 5-83 

478-7 

877-8 

850-9 

876-9 

903-7 

867-3 

877-7 

876-1 

8 49 

73 52-4 47-<53 

493-2 

877-0 

849-1 

874’3 

901-9 

865-9 

873-3 

873-6 

9 22 

76 34-2 48-63 

512-6 

878-3 

847-3 

88 i-i 

906-3 

867-3 

876-8 

876*2 


9 47 

77 55 '4 49'<53 

529-8 

881-2 

851-6 

881-9 

907-9 

871-7 

878-9 

878-9 




BAK COMPARISONS 


Afier the measurement — (Continued.) 


Miceombtbe Ebadings in Ditisionb 


1 Division == 


Cary's Inch [7.8], = 1-2813 m . y . of A 


Feb. .1 


Ebuabeb 


D R 


A m. ^ 

22nd 10 1 6 a.m:. 78 ^ 6‘6 
10 46 79 58-3 

0 6 P.M. 80 607 

0 34 81 6i-o 

10 82 63-1 

1 32 83 64'8 

I 55 84 64-8 

a 19 81; 67c 

a 40 86 66-3 

34 87 66-0 

3 23 88 65-6 

3 41 89 64-4 

3 57 90 62'8 

4 15 91 61-9 

4 34 93 61-3 

4 53 93 <5o‘P 


do‘83 

51-98 

SS'53 

5<5'55 

57‘<55 

58-88 

5975 

<5 o -55 

61- 30 

^i'95 

63-45 

63-80 

63-00 

63-00 

62- 83 

<5a-53 


550‘3 

571-8 

617-1 

637-7 

^55'5 

663-1 

677-7 

689-7 

703-6 

716-4 

725'3 

731-6 

734'a 

733-0 

725-1 


+ 

883-3 

885-1 

867-3 

864-0 

862- 9 

850- 1 

853 ‘i 

851- 0 
854-1 
855'4 

857- 1 

858- 0 

86 i-2 

863- 0 

864- 2 
869-0 


■I' 

855-0 

Sijo-p 

839-0 

834 - 9 

835- 1 

822- 1 

823- 7 

826- 9 
837-0 

827- 2 
830-1 
833-3 

836- 3 

837- 3 
837-9 
843-5 


+ 

889-3 

887-8 

874-0 

871-a 

871- 3 

859- 9 

863-3 

863-8 

868-8 

86^-6 

860- 9 

869-2 

869-0 

872- 3 
872-0 
877-0 


■+ 

914- 1 

915- 3 
906-5 
904-0 
903-9 


888- 9 

889- 0 
895-a 
893-8 
895-9 
897-4 
901-0 
904-0 


905-0 


+ 

874-7 

874-3 

866-9 

865- 9 

866- 2 
850-3 

849- 0 

850- 9 

851- 1 

853- 7 

854- 0 

857- 1 

858- a 
86ro 
865-9 


88*1 -3 

879-0 

863- 7 

864- 1 
839-3 

848- 5 

845-9 

854- 0 
850-8 

849- 0 

8.13-0 

855- 0 

859- 3 

860- 9 
86o-i 

865- 9 


4- 

883-9 

883-x 

869-6 


866-4 

853-5 

854*0 

855-9 

857-8 

857-3 

860 0 
861-5 
864-3 
866-4 
866-6 
870-9 


Colonel -WttMKh nt 

thti inierotnetpr 
crosfojjp; I.t, Wiilkw 
at tlu3 plain micro** 
acopo, I 


Cloudy wit, lu cold 
wind from I'lortiu 


Means 51-93 563-15 886-80 858-68 890-66 9x8-81 879*66 884-88 886-58 



CHACH OB ATTOK BASE-LINE 



After the measurement — (Continued.) 

* 

As on page VI— we have 

- (f - 62°) {E, ~ - S = o 

and from the preceding bar comparisons we obtain the following series of results 


4 * 4 » {Ea 

— dEA 

d 

— 340*3 = 0 

a?+ 8*70 { E ^ • 

- dE ,) 

d 

-311*3 = 

0 

3’37 


— 335*9 = 0 

sc -{- 8*65 

yp 

-306*0 = 

0 

a?+ 3 '( 5 a 

py 

— 315*6 = 0 

a7+ 8*57 

yp 

- 303‘3 = 

0 

£ e + 3*03 

py 

—305*3 = 0 

a?+ 8*40 

yp 

—300*1 = 

0 

x + 1*30 

py 

_ 195-0 = 0 

ay + 30*05 

yp 

-489*5 = 

0 

a?+ 1*03 

py 

— 190*7 = 0 

a? + 30*33 

yp 

-489*8 = 

0 

a?+ 3*6 o 

py 

—314*4 = 0 

a?+ 30*33 

yy 

-488*3 = 

0 

it; -f 13*67 

py 

— 380*9 = 0 

a? + 30 *i 7 

yp 

-479*9 = 

0 

a?+i 3 *i 3 

py 

- 373 '^ = 0 

a 7 + i9*87 

yy 

—470*3 = 

0 

iC + I 3*53 

P3 

-363*7 = 0 

a?+i 9*37 

yy 

-460*0 = 

0 

a? + ii*77 

py 

**- 353‘3 = 0 

a? + i8*57 

yp 

-451*7 = 

0 

a? + 3 a *67 

py 

—539*9 = 0 

a?+ 17*83 

yp 

-441-3 = 

0 

a? -1-33*83 

P3 

-531*7 = 0 

a?+ 17*00 

yp 

-434*3 = 

0 

a 7 -l- 33*73 

py 

-525-7 = 0 

a7+ 16*07 

yp 

—413*6 = 

0 

a: -f- 33*43 

py 

—530*9 = 0 

a? +14*75 

yp 

-396*1 = 

0 

a? -f 33*00 

pp 

-514*0 = 0 

07+13*70 

yp 

-378*5 = 

0 

a? - 1 - 31*10 

py 

—403*8 = 0 

a?+ io‘6o 

y * 

-3397 = 

0 

a; 4-30*57 

py 

— 490*9 = 0 

a7+ 9*93 

yp 

-339*9 = 

0 

a? + i 9‘95 

py 

0 

II 

GO 

1 

a 7 + 9*30 

py 

-319*0 = 

0 

a 7 -t-i 9’35 

py 

—471*6 = 0 

07 + 8*50 

yp 

—308*8 = 

0 

a? -1-18*50 

py 

—461*4 = 0 

07 + 8*03 

yp 

-301*7 = 

0 

ay-f- 14*73 

py 

—411*3 = 0 

»+ 7*65 

yp 

-391*5 = 

0 

a? -f 14*03 

py 

-397-0 = 0 

07 + 7*35 

yy 

-387*3 = 

0 

a? -f 13*37 

yy 

— 386*7 = 0 

37+ 6*85 

yy 

—380*4 = 

0 

a? -1-13*63 

yp 

--3757 = 0 

07 + 6*33 

yy 

—373*4 = 

0 

a? 4- 13*07 

yy 

—366*8 = 0 

07 + 5*93 

yy 

—369*0 = 

0 

a?+ 11*35 

yp 

-- 354 ‘o = 0 

37 + 5*^5 

yp 

— 364*8 = 

0 

a? -4 10*75 

yp 

-344*6 = 0 

a 7 + 5*43 

yp 

-361-3 = 

0 

af-|-io *35 

yp 

—336*1 = 0 

a7+ 5*35 

pp 

- 354*9 = 

0 

sc -\- 9*80 

yp 

-329*3 = 0 

07 + 5*13 

yp 

—353*8 = 

0 

af+ 9*45 

yp 

-333*8 = 0 

07 + 5*05 

pp 

— 353*0 = 

0 

a -\- 9*07 

yp 

— 3I7*6 = 0 

a?+ 5*00 

pp 

—349*3 = 

0 

a?-i- 8*87 

yp 

-314*7 = 0 

a7+ 5*03 

yy 

— 348*1 = 

0 



BAE COMPAEISONS 


VI. 




After the measurement - 

“(Continued.) 



ir+ 5-02 {Eg 

d 

~ -249-1 = 0 

3 ‘ 35 ( K ‘ 

- dEg ) 

d 

—229-7 = 0 

x -\- 3-00 

3 ) 

—248-0 = 0 

a?+ 4-35 

33 

—210*9 = 0 

i»+ 5-10 


—249-2 = 0 

®+ 3-12 

33 

— 190-4 = 0 

«+ 5-22 

33 

—252-0 = 0 

«+ 2-25 

33 

-176-3 = 0 

x + 5-37 

53 

—251-6 = 0 

«+ 1-45 

33 

— 166-2 = 0 

«+i 3 ‘ 5 ^ 

33 

-414*3 = 0 

^ Hh 

33 

— 154-2 = 0 

a? +15-32 

33 

—409*4 = 0 

a?+ 0-05 

33 

— 140-9 = 0 

ii?+ 13-15 

33 

- 397*4 = 0 

s — 0-45 

33 

-134-7 = 0 

tf+ 14-37 

33 

—380-4 = 0 

X — 0-80 

33 

— 129-9 = 0 

d?+ 13-35 

33 

-363-6 = 0 

X — I -00 

33 

— 130*0 = 0 

a?+i2-37 

33 

-349-1 = 0 

X— 1-00 

33 

-134-4 = 0 

(»+ii-i7 

33 

-332-6 = 0 

X— 0-83 

33 

-i4r5 - 0 

a?+ 10-02 

33 

-310-3 = 0 

0-53 

33 

—149-8 s= 0 

a?+ 6-47 

33 

-252-5 = 0 





And from the mean of these results, 

d 

X = 324-43 -- io-o8 - dE ^) : 


adopting the original value of the expansion of A given at page ( 9 ), 

m,y il 

= 22-67 = 

d m.y 

and X = 146-30 + 10-08 dE^ — 188-13 + io-o8 dE^ = L — a. 
Proceeding as on page VI ^ we obtain : — 




■13 


lu terms of 

A -L 

B -L 

C-L 

D -L 

E-L H-L 

Micrometer divisions. 

4-0-22 

—27-90 

+4‘o8 

+32-23 

—6-92 

— 1-70 

Millionths of a yard. 

+ 0-28 

“35'83 

+ 5-24 

+41-39 

-8-89 

~2-i8 


Also the following. 


d 

A. — A = 14672 + io-o8 dE^ 
B — A = ii8-6o+ „ 

C A = 130-38 4 „ 


m.y 

— 188-43 + lo'oZdE^ 

= 153-3^ + 

= I93‘39 + « 


d 

D- A = 78-73 + 
E - A = 139-38 + 
H — A — i44 '8 o + 


m,y 

10*08 dEg ^ — 229-34 "I" 10-08 dEg ^ 
„ = 179-26 + ,, 

« = 185-97 + „ 


1 /, 

and 6 ij; = 1128-9 + 60-3 dE„^. 




CHACH OB ATTOK BASE-LINE 


YI. 


'i6 


Pinal deduction of the total length measured with the compensated bars. 


m.y 


» 10 

VI_ 


From page YI ^ the excess of the 6 compensated bars above 6 times A before thel __ f, • a. r: - nrr 

measurement J — 9 3 + 9 ^ 

VI „ „ „ c/ifer set No. 341 = 1103*0 -f 49*4 

„ c/ifer the measurement — 1138*9 4- So'^dE^ 

applicable to sets Nos. i to 341 = 1086*3 + 59*3 

Nos. 343 to 656 = 1 1 16*0 -1- 55*0 

Also the mean length of a set of 6 compensated bars in feet of the standard,"! A , ^ 

aimlicabk to sets Nos. i to 341 J °° 3 » 58 «i(i + 59-3 

A 

applicable to sets Nos* 34:^ to 6^6 =50*0033480 55*0 


TX 

Therefore the mean excess of 

and 11 51 




and 


Similarly from pages and VI__ the mean excess of the two compen -1 

'5 sated bars A audll above twice A / = 3^^ + 

and the mean length of the set of compensated bars A and H in feet of the"! A „ 

atadardj- = »°'“''°37w + i8'4rf£. 


Hence the total lengths measured with the compensated bars 

feet of A 

= 10020*5443 + 9903 dBa 
— 10440*5670 -f 10318 dBa 
= 9180*5133 + 8415 dEa 
= 9730*5434 + 8910 dEa 
= 30*0011 •+ 18 dE^ 


in sets Nos. i to 167 
,j 168 to 341 

„ 342 to 494 

„ 495 to 656 

in set No. 6571 


in sets Nos. ito 657i 


= 39383*1669 + 37564 dEa 


Now the mean temperature of A during the bar comparisons before the measurement and after set No. 
341 was 63° — ■= 53°' ij for which temperature the corresponding expansion of A from page ( 19 ) 

= 31*586 m.7j. Also the mean temperature of A during the har comparisons after set No. 341 and after the 
measurement was 63° — = 5a°‘8, for which temperature the corresponding expansion of A from page 

( 19 ) = 31 *590 m.y. Comparing these values of expansion respectively with the original value = 33*67 m.y, 
used in the foregoing, it is found that dEa — + i'o84 w.y. for sets Nos. i to 341, and = -|- 1*080 m.y, for sets 
Nos. 343 to 6571. Substituting for dE^ respectively these numerical values, there result. 


Total lengths measured with the compensated bars 

A 

10020*5764 
10440*6006 
9180*5395 
9740*5734 


}} 


feet of 

in sets Nos. i to 167 or S-W. End, to Station A = (10030*5443 4 - *0333) = 
„ 168 to 341 or Station A, to Station B = (10440*5670 -f *0336) = 

„ 343 to 494 or Station B, to Station C = ( 9180*5133 4- '0373) = 

„ 495 to 657iOr Station C, to N.B. End = ( 9740*5435 4- *0389) = 


I to 657iOrS.W.End,to N.E, End = (39383*1669 4- '1330) = 3938a*3889 
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Comparisons htween the Compensated Microscopes and the Q-imh brass scales during the 
measurement^ and provisional determination of Microscope errors with respect to the 
Q4nch brass scale A, expressed in millionths of an inch (m.i.) 




■5 

Ci 




s 

When compared 

6 

§ 

Tj 

CD 

h 

p. 

. 

0 

0 

csS 

r 

1 

03 



0 

0 

1853-54 


C3 

CD 

03 

U 



-a 

s 



eg 

0 


Decemlber ISth. Before the measure- 
ment. 


26th Between sets No. 
55 and 56. 


January 4<th Between sots No. 

167 and 168. 


17th Between sets No. 
341 and 342. 


T T 
M M 
0 U 
R R 
N N 
P P 


T T 
M M 
M* M 
0 U 
R R 
N N 
P P 
8 S 

T T 
M M 
0 U 
R R 
F F 
F* F 
P P 
P* P 
8 8 


15th Between sets No. 318 & 319. \ 8 N 


February 2nd Between sets No. 

416 and 417 


T P 
T* T 
M M 
M* M 
P P 
R R 
F F 
0 U 
8 S 

F F 
F* F 


66'2 5 
66- j6 
68'i5 
dp'ai 

69*95 

60*67 

31*69 

3.r43 

3470 

44'03 

31*65 

33 '<59 
32*80 


60*29 

57'88 

59'99 

60*32 

32*09 

62*00 

33-59 

60*70 


64*0 < 
57*62 
65*14 

<55‘5<5 

66*45 

64*99 

65*29 

63-05 

63*80 

54*82 

53-29 


^ ^ 

CO 01 
^ O II 


Microscope 

Microscope Scale. 

Observed vahe in 
terms of 


Micros : — Scal( 
afc 62^Fah. 



« p. 0 
t 3 5 H 
'ti Ph - 

H 3 

Divisions 

10000=1". 

md. 

0 jrt 

a 

•iH 

m,t. 






+ 266 

0*00 

0 

- 97 

4 - 169 

+ 298 

0*00 

0 

— 21 

+ 277 

+ 384 

0*00 

0 

4- 283 

4- 667 

+ 451 

0*00 

0 

•+■ 93 

-+■ 544 

+ 147 

■h 4-86 

4 " 4^^ 

-f 363 

4 - 996 

+ 497 

+ x -37 

1 

+ 137 

+ 350 

4 - 984 

- 83 

0*00 

0 

- 75 

CO 

1 

-1964 

+ 16*37 

4-1637 

- 97 

— 424 

--1894 

■*h 17-37 

4-1737 

_ 21 

— 178 

-1661 

■f 16*30 

■f 1630 

— 21 

“ 52 

—1706 

4- 16*37 

4-1637 

4 - 283 

-f- 214 

--1123 

-1-11*25 

4- U25 

+ 93 

+ 95 

-1897 

-|- i8*6o 

■4- 1 860 

■h 363 

4- 326 

-1769 

+ 15-47 

+ 1.547 

+ 3 S° 

128 

-1825 

+ 12*27 

4- 1227 

“ ^ 75 

- 673 

— 116 

-|- 9*10 

4- 910 

~ 97 

4 - 697 

— • 107 

+ 4'93 

4 - 493 

— 21 

+ 365 

— 258 

4- 4*20 

4- 420 

4 - 283 

+ 445 

— 126 

+ 3 ' 9 ° 

+ 390 

+ 93 

- 1 - 357 

~ ^05 

■+ 5 ' 5 ° 

+ 550 

+ 363 

4- 808 

-1869 

4** 18*13 

4-1813 

+ 363 

-f 307 

0 

4-45 

+ 445 

4 - 350 

+ 795 

—1776 

4-11*10 

-f II 10 

4 - 350 

— 316 

— 81 

- 3-43 

- 343 

- 75 

- 499 

+ X42 

- 303 

” 303 

- 75 

— 236 

4- X28 

■f 8*03 

■f 803 

- 97 

-f- 834 

~ 274 

4-14*77 

4-1477 

“ 97 

4-1106 

+ 196 

4- 1*08 

4" 108 

— 21 

+ 283 

+ 223 

o'oo 

0 

— 21 

4-2 02 

•+• 278 


— 318 

+ 350 

4-310 

+ 187 

- r 23 

— 123 

4 - 93 

+ 157 

-f 206 

4- 2*80 

+ 280 

4- 363 

+ 849 

+ 66 

4- 3*00 

4- 300 

4 - 283 

•+■ 649 

+ 113 

— 2 *60 

— 260 

- 75 

•— 222 

- 449 

+ 8-47 

4 - 847 

+ 363 

4- 761 

~ 544 

+ 4-77 

4 - 4 77 

4 - 363 

4 - 296 


Those microscopes were compared a second time, because they were adjusted after the first comparison. 
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3Iicroscoj)e Comparisons — (Contimied.) 


When compared. 


February Gth Between sots No. 

491 and 49iJ. 


IGtli After tliG moasurG- 
nicut. 



jr m: 


K N 

0 U 

H 1 N 

T T . 

M M 

r P 

It It 

F iV 

0 ir 
N S 


5!‘Cy9 
59 '9 2 
5 7 ‘09 

54-83 

56-65 

5<i’57 

49-78 
49-96 
55 ’22 
51-87 
49-83 
5J-48 
61-87 


O 5 VO 

S ^ >>1 




MicroBcope 

Microscope Scale. 

Ohseri^ed value hi 
terms of 

Divisions 

10000 = 1 " 


+ 1 7 ‘50 

+ irh> 

+ 6’oo 

— j-* Oj ‘Ij ^ 

+ 2*80 

+ 5-03 

+ S'n 

+ 2-33 

+ 18-38 
+ 8-3,3 
+ 2 ‘90 

+ 4 '9 2 
■F 8-37 
-+■ 9‘40 
0-00 


-f 1750 
-+17.3:7 



Micros : — Seale A, 
at 63® Ihih. 


+ 1838 


- 97 

- 97 

- 2X 

+ 350 

+ 93 
+ 363 


- 97 

— 21 

+ 35° 
+ 93 
+ 363 

+ 283 


+ 1248 
-+- 1270 

+ 178 
+ 485 
4 " 66 
+ 417 

4" 466 

— 19c 

+ 977 
+ 59 

4- 216 

- 48 
+ 439 
+ 5^»5 
” 83 


The required combinations of individual microscope errors taken from pages YI ^ and 

« are expressed as follows ; ' 


liefer ence nn mbers, 

2 + 3 + 4 + 5 + 

9 4 “ I I + 12 4 “ 13 + 14 + 

10 4 - II + 12 + 13 + 14 + 


m.i. memi temp : 

4 - 3474 fit (62 + 4 - 98 ) 


before the measnromeut. 


8+15 


Q _ j 

10 4- II + 12 + 13 + 14 + 4 = 4- 163 at (62 —26-80) 

2 

17 + 184- 19 + 20 + 22 4- — = -4 3869 at (6a — 1-85) 
17 -f 18 4- 19 + 21 4- 23 + - dl't . dd = 4 1257 -at (62 —11-29) 


4- 36 at (62 —27-42) between sets 55 ^ 5^ 


= 28 + 30 4- 3^ + 3^ 33 + 


24 4 “ 26 


+ 2416 at (62 + 2*55) r/3 


-f a [ - rt f/2 

17 4 18 4- 19 + 21 4“ 23 +• — . — m = 4- 1389 fit (62 — io‘99) % 


28 + 30 4- 31 + 32 + 33 + •• 


;6+34 


-f 2554 at (62 -f 2-81) 


o 

O 5, 


29 4 30 +• 31 4- 32- + 33 + 3= 4 '2609 at (62 4 2-34) ^ 

39 4 4° 4 41^ + 32 4 43 + A/ , if , i d = 4 2573 at (62 — 3*57) 

2 

29 4 30 4 31 4 33 + 35 + f- f-t . -'f: = 4 2521 at (62 4 0-60) 


29 4 30 + 31 + 33 + 36 4-AAXA? = 4 2056 at (5a 4 0-34) 
39 + 40 4- 41 + 35 4 43 4 -ilidi: = 4 2485 at (62^ — 5*31) 


27 ■+■34 


167 & 168 


167 (fe 168, and34T & 342 
do. and3i8<fc3i9 
341 & 342, 


do. and 494 & 495 
do. and 416 <& 417 


» 416 & 417 and 494 & 495 


2 




CHACH OR ATTOK BASE-LINE 

Microscope Comparisons — (Continued.) 

MeJeTefice ^u^nbeTS, m.i* ofiean teofip : 


VL 


•19 


hi — 

39 

+ 

40 

+ 41 

+ 

42 

+ 

43 

+ 

37 + 44- 
2 

= 4- 

2141 

at 

, 0 

(6a - 

- 5 ° 3 i) 



39 

+ 

40 

+ 4^ 

4 - 

42 

+ 

43 

+ 

384-44 . 

2 

= 4- 

2152 

at 

(63 - 

- i‘26) 

ca 

pH 

0 

■a 

c 3 

hs — 

46 

+ 

47 

00 

+ 

4 - 

49 

+ 

5 ° 

+ 

43+3^ 

2 

= 4- 

1678 

at 

(62 - 

- 9-64) 

1 

0 

% = 

46 

+ 

ii 

.-51 

2 







= + 

506 

at 

(62 - 

- 9 ‘'o) 

a 

fXi 


betTveen sets 494 (fc 495, 
„ do. 

after the measurement, 
do. 


And from the foreg-oing, we obtain the following equations for the microscope errors 
per set (or m.e.) ; where dU expresses the error in the adopted value of the expansion for the 
6-mch scales. 


y ^ + (?o 


+ 1755 + 6 X im dE applicable to sets NoS 


= — L— — L = + ijx6 + <5 x i4'32 dE 




(m.e.)s = ^ 

a 


{m.e\ = 

{m.e.)ri = 
= 

{m.e.\ = 


2 

*•9 + <^10 
a 

+ -13 
2 

*^12 + 
a 

«15+ % 


(^17 


= + 1837 + <5 X 4-37 dE 
= + 197a 4- 6 X 4-09 dE 
= + 2591 + 6 X o'6i dE 
— + a503 + 6 X a’35 dE 
= H- ao99 4 (5 X a'48 dE 
= 4- 1915 + 6 X 7'45 dE 
= 4- 506 4- a X 9M0 dE 


I to S 5 

56 to 167 
168 to 318 
319 to 341 
34a to 416 
417 to 436 
437 to 494 
491 ) to 656 
set No. 6571 


Hence the total microscope errors are as follows, 

m.ii. feef; of A 

In sets Nos. i to i57|^p55(”*-'e)i= + 9 f> 5^5 + 3703 + 37.03 dB 


iQ^ym.e)^— 4- 169793 4- 9633 dE = 0-0141 4- 9633 dE 


(.-< 3o(TO.e)j 

L 58 (w.e )5 


= 0-0331 4- 

13336 dE 

= 0-0331 -f 

3969 dE 

= 0-0038 4- 

564 dE 

= 0-0369 4- 

4533 dE 

= 0-0163 + 

375 dE 

= 0-0043 4- 

383 dE 

= o-oioi 4- 

863 dE 

= 0-0305 4- 

1430 dE 

J = 0-0359 4- 

7341 dE 

? = -oooo 4- 

18 dE 


0'0359 4- 7359 dE 



VI CHACH OE ATTOK BASE-LINE 

Microscope Oomparisons — (Continued.) 

Pinal deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally ; ie. in terms 
of the 6-inch brass scale A. But from page (31 j, we have 2 A = 1-0000192 value in 
1835 . Also the coefficient of expansion for brass, has been taken at ‘000,010,417 in the fore- 
going reductions, whereas it appears from page ( 17 ) that -000,009,855 is a more probable value. 
Accepting the latter, it may be found that d£l = 3-372 (m.?). Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A -f the corresponding (m.e) 
we have, 

Total lengths measured with the compensated microscopes 

fsei of A feet of A 

In sets Nos. I to 167 I f ^ m , 

or S.W. End to Stn. A J - 1 1^7 x 3-]- -0221 -H 13326 dE = ( 501-0317 + -0037) ^ 50 i'O 354 

,, Nos. 168 to 341 1 r ^ 1 7T-I / 

or Stn. A, to Stn. J --j^i 74 X 3 + ' 02 ^ 9 j+ 45^3 - ( 523-0369 + -0013) = 533-0382 

J, Nos. 342 to 404! f I ,7-, , 

or Stn. B, to Stn. C J -j ^53 x 3 + ’0305 J + 1420 dE ~ ( 459-0393 + -0004) = 459-0397 

or Stn. C°to N^E.^Enj}' ^{ + ixi + -S}+ 7359 = ( 487-0353 + *0020) = 487-0373 

„ Nos. I to 657 i'1 ~ ~ 

orS.W.EndtoN.E.End/ (1969-1432+ -0074) = 1969-1506 


Disposition of the bars and microscopes during the measurement. 

^ The following typical illustrations show the permutations and combinations of the bars 
and microscopes during the measurement. The instruments are here named in the succession 
that actually occurred, commencing from the rear-end of a set; and the numbers assigned to 
the illustrations, will be found employed in the tables of “ Extracts from the Field Book^&c.” 

Bar Illustration. I Microscope Illustration. 

No. 1 No. % No. 3 No. 4 No. 6 No. 6 No. 7 


No. 1 


No. 2 


No. 4 

~T~ 

H 


No. 3 

A’ 

B 
C 
D 
E 
H 


Statement. 

No. 1 occurs in sets Nos. 4^, 5^, 6551, 6561. 

^ ^0’ ^0> 30 J 40 ) 50 ) 6550) 6563. 

No. 3 „ Nos. 6 to 654. 

No. 4 „ set No. 6573,. 


1 


iR 1 

J 

M 

N 1 


0 

f P f 


1 

iS J 


hTl 


iT 

M 

M 

M 

0 

P 

I P 

R 

r N, 


N 

N 


P 

0 


iS 

is 




Statement. 

No. 1 occurs in sets Nos. 2j, 3^, 4^, ^ 
No. 2 
No. 3 
No. 4 
No. 6 
No. 6 
No. 7 


3? 

3 > 

33 

33 

33 

33 


®0) 30) 4s) Ss- 
Nos. 6 to 167. 

Nos. 168 to 654. 

Nos. 6551 and 656^, 
Nos. 6j52 and 636,. 
No. 6571. 
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DETAILS OF THE MEASUEEMENT. 

JSxtracfs from the Field Boole of the measurement, and calculated heights of sets aUve the origin. 


Adopted heights above mean sea level. 
Soutli-West-End (origin) = ioi4‘6feet. 
North-East-Eiid (terminus) = io49‘3 feet. 


1853 

’4 

txi ^ P 

J h Mean time of S 

■jH 1 ending ^ 

° 8 e 

*^1 l 4 

0 

<D d 

Numeral 
shewing 
arrange- 
ment of 

1853 

No, of tlie Set. 

Temperature of Air 

<D 

rtJ 0 

<u rQ 

g ^ 

\lean time of | w 

Numeral 
shewing 
arrange- 
ment of 

c g 

S 

tU 3 

i 

pq 

w 

i 

a 

ending 'g 'g 

6 ^ 
w 

TO 

ts 

m 

BQ 

0 

IS 

-r^ 

a 


0 

/i. «i. 

feet. 




0 

h. m. feet. 



17 th Dec, 

da'a 

10 25 A.M. 3 -f 

o-p 

I 

I i 

!3rd Dec. 

37 55 

10 5 A,M, 6 — X07 

3 

3 

1 


0 45 P.M. 3 - 

IX 

2 

2 


38 63-2 

11 0 6 lO’S 

3 

3 


di 7o'8 

2 0 3 

3 ‘i 

I 

I 


39 68'8 

030 p.At, 6 10*9 

3 

3 


% ^ 7'7 

3 15 3 

4-'9 

2 

2 


40 68-2 

1 17 6 lO'p 

3 

3 

jl 9 th „ 

3 i 4 < 5‘2 

8 50 A.M. 3 

6*2 

1 

T 


41 68-4 

I 55 6 iro 

3 

3 

1 

33 5+‘5 

9 55 3 

7.7 

2 

2 


42 69-3 

2 30 6 in 

3 

3 

1 

4i < 5 i-t 

no 3 

8-9 

I 

I 


43 <59-9 

31 6 ii’i 

3 

3 

1 

43 ' 5 .') '8 

0 25 P.M. 3 

lO’I 

2 

> 


44 677 

3 58 6 if6 

3 

3 

I 

5 i (^ 7-7 

1 19 3 

n‘6 

I 

I 

24 th „ 

45 .3 7 '3 

7 50 A.M. 6 II'6 

3 

3 

1 

S, 68h 

2 4 3 

i3'o 

2 

2 


46 45 -I 

8 '-o 6 1 1 '6 

3 

3 

1 

6 66-6 

3 19 6 

L 5'4 

3 

3 


47 49 ’^ 

9 14 6 117 

3 

3 

j 20 th „ 

7 38'9 

7 57 A.M. 6 

i6'6 

3 

3 


48 55-4 

10 10 6 ii'8 

3 

3 

1 

8 si -6 

9 5 ^5 

x7'i 

3 

3 


49 <53 -I 

10 58 6 11-5 

3 

3 

1 

9 60-4 

10 15 6 

ifyj 

3 

3 


50 64'8 

0 2J P.M, 6 ii-p 

3 

3 

1 

10 64-2 

0 0 P.M. 6 

15 '8 

3 

3 


5 ^ < 56'3 

13 6 120 

3 

3 

1 

11 66'8 

0 48 6 

L 5’4 

3 

3 


52 68'i 

I 40 6 ii'9 

3 

3 

1 

12 68-8 

I 50 6 

14-8 

3 

3 


53 69-0 

230 6 117 

3 

3 

1 

13 <59-3 

2 50 6 

J 47 

3 

3 


54 69-1 

35 6 I r6 

3 

3 

1 

14 68 '6 

3 47 <5 

I 4'2 

3 

3 


55 ^ 58-8 

3 50 6 ii’6 

3 

3 

12 1st 3 ^ 

13 3' <5 

7 55 a.m. 6 

I 2 ’I 

3 

3 

2 Gth „ 

56 63-1 

10 36 A.M.. 6 1 17 

3 

3 

1 

16 43'3 

8 42 6 

12’I 

3 

3 


57 66-3 

II 27 6 ii'8 
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Note. — The rear-end of set No. i stood exactly over the dot at South-West-End, 

(4^) and (5^) Windy. ( 20 ) to (23) High wind. (34) to (40) Cloudy. (68) and (69) High wind. 
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The dot denoting Station A ms fixed exactly in the normal at the advanced-end of set No. 167 
Height of set No. 167 above Station A = 1 ’9 feet. 

The terminal point of set No, 167 was the point of origin for set No. 168. 


(156) Cloudy. 
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The dot denoting Station B -was fixed exactly in the normal at the advanced-end of set No 24.1 
Height of set INo. 341 above Station B = 2-4 feet. 

The terminal point of set No. 341 was the point of origin for sot No. 342. 
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Extracts from the Field Boole — (Continued.) 
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CD 

OQ 

.0 

525 

Temperature of Air 

Mean time of 
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nS 

CD 

uri 

p 

1 

*0 

Height of Set above 
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Numeral 
shewing 
arrange- 
ment of 
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<13 

zn 

CD 

Cg 

1 

tt) 

Ph 

a 

Erl 

# 

Mean time of 
ending 

rtJ 

CD 

2 

m 

3 

.0 

Height of Set above 
origin 

Numeral 
shewing 
arrange- 
ment of 

t 

CS 

w 

i» 

i 

S 

C3 

pq 

CO. 

0 

s 



0 

h. m. 


feet 





0 

m. 


feet, 



25 th Jan. 368 

58-0 

I 21 

6 

+ *9 

3 

4 

2nd Feb. 

423 

47 '0 

1 0 4 A.M. 

6 

* 4 “ 2 * *] 

3 

4 . 


369 

57‘<5 

^ 5 ° 

6 

■8 

3 

4 


424 

48-9 

^° 35 

6 

2*9 

3 

4 


370 

STS 

2 IS 

6 

'4 

3 

4 


425 

5 ^'° 

II s 

6 

3*0 

3 

4 


371 

S 7 ‘S 

2 40 

6 

*3 

3 

4 


426 

54‘4 

0 0 P.M. 

6 

2*9 

3 

4 



S 7‘3 

3 2 

6 

— “O 

3 

4 


427 

55'2 

0 32 

6 

2*7 

3 

4 


373 

56-8 

3 ^7 

6 

•2 

3 

4 


428 

56-1 

0 56 

6 

2 ‘4 

3 

4 


374 

S ^'7 

3 58 

6 

■3 

3 

4 


429 

56-6 

I 17 

6 

3*2 

3 

4 

30th „ 

37 d 

S 7 -^ 

9 30 A.M. 

6 

■4 

3 

4 


430 

57 '° 

I 38 

6 

3*4 

3 

4 


37 d 

59'5 

10 0 

6 

•5 

3 

4 


431 

57 '° 

a 5 

6 

3*7 

3 

4 


377 

da-a 

10 32 

6 

■5 

3 

4 


43 a 

57 ‘» 

2 29 

6 

4*2 

3 

4 


378 

63*0 

0 0 P.M. 

6 

‘4 

3 

4 


433 

57'8 

2 52 

6 

4*6 

3 

4 


379 

63-8 

0 36 

6 

■8 

3 



434 

57-<5 

3 15 

6 

4*9 

3 

4 


380 

62*9 

I 7 

6 

II 

3 

4 


435 

577 

3 39 

6 

5*2 

3 

A 


381 

62-8 

I 40 

6 

1-2 

3 

4 


43<5 

5^'9 

4 17 

6 

5*4 

3 

4 


38a 

63 'o 

2 7 

6 

1*2 

3 

4 

3rd jy 

437 

40*6 

7 53 A.M, 

6 

5*7 

3 

4 


383 

637 

2 43 

6 

I '4 

3 

4 


438 

41-9 

8 21 

6 

5*9 

3 

4 


384 

60*6 

3 3*5 

6 

2*0 

3 

4 


439 

43'<5 

9 c) 

6 

6-1 

3 

4 

31st „ 

385 

42*8 

7 47 A.M. 

6 

2-3 

3 

4 


440 

45 ‘8 

9 28 

6 

6-4 

3 

4 


386 

437 

8 19 

6 

27 

3 

4 


441 

46*8 

10 3 

6 

< 5-6 

3 

4 


387 

46*0 

9 8 

6 

2-8 

3 

4 


442 

47'5 

10 30 

6 

< 5-8 

3 

4 


388 

47-8 

9 3<5 

6 

2'9 

3 

4 


443 

48*1 

II 10 

6 

7*0 

3 

4 


389 

49 '3 

10 10 

6 

a ‘5 

3 

4 


444 

49 '° 

11 41 

6 

6-8 

3 

4 


39 ° 

5°'4 

10 41 

6 

2*1 

3 

4 


445 

5°'3 

0 38 P.M. 

6 

6-8 

3 

4 


391 

51 '9 

II 20 

6 

2‘2 

3 

4 


44(5 

Sro 

0 57 

6 

7*0 

3 

4 


39a 

54‘i 

0 29 P.M. 

6 

1*8 

3 

4 


447 

517 

I 19 

6 

7'3 

3 

4 


393 

54-9 

I 10 

6 

27 

3 

4 


448 

52 ‘9 

1 39 

6 

7-6 

3 

4 


394 

55-° 

I 38 

6 

3 ‘3 

3 

4 


449 

53 'o 

I 58 

6 

T 1 

3 

4 


395 

54-8 

2 7 

6 

3'3 

3 

4 


450 

52-1 

2 14 

6 

7'<5 

3 

4 


39^5 

55 ’ I 

2 40 

6 

3 "3 

3 

4 


451 

51 '9 

2 34 

6 

7-8 

3 

4 


397 

54-9 

3 23 

6 

2-9 

3 

4 


452 

53-2 

2 51 

6 

7-8 

3 

4 


398 

55 '° 

3 54 

6 

2-9 

3 

4 


453 

53 ‘<5 

3 9 

6 

7-8 

3 

4 

1 iBt Feb. 399 

38-5 

731 A.M. 

6 

3*0 

3 

4 


454 

527 

3 28 

6 

8'0 

3 

4 


400 

40‘6 

8 2 

6 

2*7 

3 

4 


455 

51-6 

3 51 

6 

8*1 

3 

4 


401 

42*9 

8 45 

6 

2*1 

3 

4 


45<5 

51 ‘4 

4 9 

6 

8'i 

3 

4 


40a 

44'9 

9 16 

6 

1-8 

3 

4 


457 

5°‘9 

4 32 

6 

8-5 

3 

4 


403 

467 

9 54 

6 

1*7 

3 

4 

4th „ 

458 

45 '° 

7 34 A.M. 

6 

8*5 

3 

4 


404 

48-5 

10 27 

6 

r6 

3 

4 


459 

46’ I 

8 0 

6 

8*6 

3 

4 


405 

49-6 

10 56 

6 

i’4 ' 

3 

4 


460 

47-5 

8 31 

6 

8*7 

3 

4 


406 

5°7 

II 22 

6 

I'2 

3 

4 


461 

49'3 

8 55 

6 

9*0 

3 

4 


407 

52-8 

0 25 P.M. 

6 

1*0 

3 

4 


462 

51-0 

9 28 

6 

9*2 

3 

4 


408 

53 '9 

0 50 

6 

1*0 

3 

4 


4<53 

j52-2 

9 53 

6 

9*3 

3 

4 


409 

547 

1 14 

6 

*6 

3 

4 


464 

53-9 

10 23 

6 

9'5 

3 

4 


410 

55-4 

I 39 

6 

•4 

3 

4 


465 

56-5 

1° 45 

6 

9*5 

3 

4 


4II 

55 A 

2 2 

6 

•2 

3 

4 


466 

54'^ 

II IS 

6 

9-8 

3 

4 


41a 

55 

2 25 

6 

•0 

3 

4 


457 

54-1 

II 42 

6 

9*6 

3 

4 


413 

56-0 

2 50 

6 

+ *1 

3 

4 


468 

5‘5'4 

0 29 P.M. 

6 

9*6 

3 

4 


414 

55-<S 

3 13 

6 

‘4 

3 

4 


469 

59 ‘“ 

0 47 

6 

9-6 

3 

4 


415 

55 ‘3 

3 4 ° 

6 

•6 

3 

4 


47 ° 

58-1 


6 

9*3 

3 

4 


416 

55-1 

4 a 

6 

'9 

3 

4 


471 

607 

I 23 

6 

9*3 

3 

4 


417 

54'<5 

4 3 ^ 

6 

1*2 

3 

4 


472 

62-3 

I 42 

6 

9*1 

3 

4 

2nd „ 

418 

34'4 

7 22 A.M. 

6 

3:-5 

3 

4 


473 

64-4 

2 2 

6 

9*0 

3 

4 


4x9 

38 'i 

7 55 

6 

2’0 

3 

4 


474 

63 -o 

2 25 

6 

87 

3 

4 


420 

41 'o 

8 30 

6 

2’I 

3 

4 


475 

do- 8 

a 45 

6 

8*8 

3 

4 


421 

42-5 

9 0 

6 

2*2 

3 

4 


476 

6o-8 

3 4 

6 

9*1 

3 

4 


422 

44'4 

9 34 

6 

2*4 

3 

4 


477 

6o‘4 

3 2_5 

6 

9*0 

3 

4 


(375) to (384) High wind. (385) to (398) Hazy. (437) to (457) Cloudy. (458) to (479) Cloudy with occa- 
sional sunshine. 



Extracts from the Field Boole — (Continued.) 
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4th Feb. 4 ;? 8 
4/9 
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48.3 
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37 '° 
40 'O 

44 \3 
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48-5 
5 °'^ 
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3 46 P.M. 

4 20 
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8 7 
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9 4a 
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10 36 

11 8 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 


feet. 

+ 8-8 
87 
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p-o 
p-o 
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i 

on 

0 
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3 

3 
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4 

4 

4 

4 
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4 
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.07 
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.5.79 
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.S 8 
21 
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(5 

45 


6 

6 

6 

6 

6 

6 

6 


feet. 
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90 

8 p 
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Total 4- 525‘o 


ct ’life t. of Bot no. ^P4. 

'Vaw the point of origin for set No. 495. 
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1 8th Feb, 534 

62-8 

3 4 P-M. 


53 S 

6r8 

3 23 


,53*5 

60 ’9 

3 44 

All 

.537 

6o'6 

411 

9 th „ 

538 

4o'6 

1 29 a.M. 


539 

43 '4 

8 3 


540 

45‘3 

8 36 


541 

49’3 

9 3 


542 

487 

9 39 


543 

50'2 

10 0 


544 

5Jt7 

10 30 


545 

53'2 

1 1 0 


• 549' 

527 

0 4 P.M. 


.547 

53 'o 

0 25 


.548 

.53 ‘o 

0 45 


.549 

52 '9 

I 3 


550 

.527 

I 24 


.551 

54’o 

^ 45 


.5.52 

53 "o 

^ 5 


.553 

53 '2 

2 24 


.554 

53 '0 

2 51 


555 

52'! 

3 13 

10th „ 

559 

i; e '7 

49’3 

17/1 *n 

3 48 

r\ A -M r 



^ 4~ 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 : 

6 ; 

6 : 

6 : 

6 j 

6 1 

6 I 

6 I 

6 I 

6 I 

6 I 

6 I 

6 1 

6 I 

6 1 

6 I 

6 1 

6 j 

6 I 

6 i( 

6 

6 ; 

6 < 


Numeral 
showing 
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inent of 
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DETAILS OF THE MEASUREMENT 
Extracts from the Eield Boole — (Continued.) 
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Mean time of § ^ 


Numeml 
&liewing 
amiiige- 
ment of 


100 ‘ 3 j 

e 4 H 

0 

£ 

i 
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TO 



& ' 


6 

^0 

TO 

a 

0 

U 



0 

&H 


|25 

H 

R 

a 



0 

7i. m. 


feet. 



llth Feb. 573 

56-7 

XI 49 A.M. 

6 + 97 

3 

4 


574 

57-5 

0 II I\M. 

6 

lO’O 

3 

4 


575 

59 '° 

0 35 

£ 

10*0 

3 

4 


576 

59 'S 

0 56 

6 

lO-I 

3 

4 


577 

6o'4 

I 17 

<5 

10*2 

3 

4 


578 

6o*4 

I 36 

6 

10*2 

3 

4 


579 

6i*i 

I 57 

6 

lO-I 

3 

4 


580 

62’0 

2 19 

6 

10*3 

3 

4 


581 

62-2 

2 38 

6 

10*6 

3 

4 


582 

62‘4 

2 57 

6 

II'O 

3 

4 


583 

62*8 

3 17 

6 

ii'i 

3 

4 


584 

58.5 

63*2 

3 32 

6 

ii'i 

3 

4 


63*0 

3 53 

6 

11*9 

3 

4 


586 

6 1*9 

4 17 

6 

12*3 

3 

4 

13 th „ 

.587 

40-7 

7 27 a.m. 

6 

13-1 

3 

4 

588 

44*0 

7 53 

6 

13*2 

3 

4 


589 

4 7 '3 

8 25 

6 

13-3 

3 

4 


59 ° 

49*0 

8 .50 

6 

J 3‘2 

3 

4 


591 

592 

51*2 

53-0 

9 20 

9 43 

6 

6 

13-4 

13-8 

3 

3 

4 

4 


593 

55-1 

10 15 

6 

13-8 

3 

4 


594 

57-0 

10 42 

6 

13*6 

3 

4 


595 

58-4 

11 4 

6 

1.3-4 

3 

4 


596 

. 59 ' I 

ir 26 

6 

13-4 

3 

4 


597 

62*6 

0 18 p.M. 

6 

13*1 

3 

4 


59 ^ 

6.3-5 

0 32 

6 

12*7 

3 

4 


599 

64-0 

0 48 

6 

12*6 

3 

4 


600 

64*6 

I 3 

6 

12*9 

3 

4 


601 

64*7 

I 19 

6 

12*8 

3 

4 


602 

6 . 5 ' <i 

I 35 

6 

12*9 

3 

4 


603 

65-3 

1 52 

6 

13*2 

3 

4 


604 

6 . 5*6 

2 9 

6 

13-3 

3 

4 


60,'; 

66*0 

2 27 

6 

1 3 -.5 

3 

4 


606 

66*3 

2 44 

6 

13-8 

3 

4 


607 

66*0 

3 8 

6 

14*0 

3 

4 


608 

66*6 

3 23 

6 

14*2 

3 

4 


£09 

66*7 

3 43 

6 

I 4'7 

3 

4 


610 

66*4 

4 7 

6 

15-5 

3 

4 


6IX 

657 

4 32 

6 

1 5 ‘8 

3 

4 

Mtli „ 

6x2 

41*0 

7 10 A.M. 

6 

16*2 

3 

4 

613 

■43 "o 

7 34 

6 

16*8 

3 

4 


614 

46-.3 

8 12 

6 

17-3 

3 

4 


61.5 

49\5 

8 35 

6 

17*8 

3 

4 


616 

52-9 

9 0 

6 

17*9 

3 

4 


6x7 

54-8 

9 23 

6 

i8*5 

3 

4 
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02 
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l§ 


.£4 

Ch 

O 

CD 

S 


(D 

I 


Mean time of 
ending 


c3 




<D 

■S d 

“•a 

C4_, ’g:} 

o 3 

4 ^ 

fo 


w 


4 thi Feb. 


15th 


618 

619 
£20 

621 

622 

623 

624 

625 

626 
62 J 

628 

629 

630 

631 

632 

63:5 

634 

63.^ 

636 

<537 

638 

<539 

640 

641 

642 

643 

644 

645 

646 

647 

648 

649 

630 

631 
652 

<5.53 

654 

< 5.553 

< 5.561 

< 5.563 


o 

557 

57 'o 

59 '° 

59’9 

602 

6i’o 

6i’9 

63- 2 
64*0 
647 

64- 9 

65 - 0 
6^)0 
657 

66'o 
66'5 
66'6 
66'2 
< 5 . 5 '8 
<55 '3 
. 39 '4 
407 

43 ’3 
46 ’2 
49-8 
52-8 
.537 
. 5 . 5-5 

.567 

56-2 
5 7 ‘3 
6o'9 

63 '3 

64 - 9 

6.5- 8 

6 . 5 - 4 

65 - 1 

6'3-8 

6i-i 

6o’l 

59*4 


h. m. 

9 45 A.M. 
10 5 

10 29 ‘ 

JO JO 
IX 37 

11 55 
15 P.M. 
3a 
5:^ 

12 
32 

54 
12 
27 
46 
4 

23 
41 
6 
4 31 

7 7 A.M. 

7 34 

8 6 
8 28 

8 54 

9 15 

9 43 

10 o 
xo 29 

10 j8 

11 22 

o 17 P.M. 

34 

52 

xo 

3^5 

34 
26 


o 

o 

0 

1 
I 

1 

2 
2 
2 
3 
3 

3 

4 


<5571 5^'^ 


o 

0 

1 

1 

2 
3 

3 

4 

4 53 

5 30 


feet. 

6 4-187 

6 19-0 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

3 

3 

3 

3 

2 


1 89 
19-4 
19-9 
19-9 
i9'5 
i9'5 
19-8 

19- 9 

20- 4 

20-8 

21- 4 

21- 7 

22 - 1 
22-6 

22 - 9 
22'9 
22'7 
22*8 
22*8 
23*1 
2*3-3 

23 - 3 

23-3 


Total 4 2362*9 


Numeral 

shewing 

arrange - 

ment of 

i 

P 

0 

R 

g 

3 

4 

3 

4 

3 

4 ■ 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 " 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

3 

4 

. 3 

4 

; 3 

4 

> 3 

4 

i 3 

4 

: 3 

4 

i 3 

4 

> 3 

4 

' 3 

4 

! 3 

4 

i 3 

4 

^ 3 

4 

1 3 

4 

; I 

5 

! 2 

6 

!, I 

5 

) 2 

6 

> 4 

7 

1 -AAf? K 

7 

! 


TJQO aavaxiceci-ena 01 set rio. oy<x 
measured on Cary’s brass scale "with a pair of conijtasscs. 

Height of set No. 657i above North-East-Eiid = 1*4: feet. 





CHACH OB ATTOK BASE-LINE 
Eeduction to. Mean Sea Level. 


Let the sections into which this base-line is divided be denoted as follows ; 


South-West-Bnd to Station A by Section I 

Station A to „ B „ 11 

„ B to „ C „ III 

„ 0 to North-East-End „ lY 


Then in the notation of ( 7 ) page I we have 


1015 ; h = 347 ; = + 1*5 ; Log. R = 7’32042, and n = 656. 


a n 


Section 

?? 

95 

55 


I 

II 

III 

IV 


-■1545 +33 167 

“ 395 o 174 

+ 525 o 153 

+2363 — 86 162 


dh F 

+ 

o’4 —1478 
0*4 — 2-90 

0*3 -f 671 
0*4 -I-2488 


X 0 , C, 

10522 4- ‘0045 -5107 

10963 -[-*0009 ’532'! 

9640 —'0021 ‘4679 

10224 ■—•0075 *4962 


0 


*5062 

*531^ 

■4700 

■5037 


Final length of the Base-Line and of its parts in feet of Standard A. 



M eastired with 







1 

Beam 

Reduction 



Section 

Compensated 

bars 

page 

Compensated 

microBCopes 

compass 

22 

VI 

27 

to sea level 
aa above 

Total Length 

Log, 

S. W. End to Stn. A ... ' 

i 

ioo 2 o ‘5764 

50i’o354 

0*0000 

0 

b 

1 

10521-1056 

4-02206 1379 

Stn, A to Stn. B 

io 44 o‘ 6 oo 6 

522-0382 

0-0000 

- 0-5312 

10962-1076 

4-03989 4060 

Stn. B to Stn. 0 

91 80-5395 

459'o397 

0-0000 

1 

0 

0 

0 

9639-1092 

3-98403 6900 

Stn.CtoN.E. End ... 

9740-5724 

487'o373 

- 4-0065 

- 0-5037 

10223-0995 

4-00958 2588 

S.W.End to N.E. End ... 

39382-2889 

1969-1506 

- 4-0065 


41345-4219 

4-61642 7428 




CHACH OR ATTOK BASE-LINE 


VI. 


Verificatory Minor Triangnlation. 


’29 


No. of 
Triangle 

Name of Station 

Corrected Angle 

Tog. Sine 

Log, Distance 

Distance 

in 

0 

Deet 

Miles 

s s 

1 

'South-West-End of Base, ) 
or Kalu Station • J 

Station A, 

^ ... 

0 y // 

60 I 45'219 

59 42 i 9'235 
<5o 15 55'5‘59 

9-93 7658453 

9-936233461 

9-938686030 

4*021033802 

4*019608810 

4*022061379 

10521-1056 

i’993 

II 

+0-097 



180 0 0'023 





2 

Station a 

n A, ... 

jj ^ 

5^ 33 48-734 
74 47 40729 
48 38 30-56^ 

9-921424960 

9-984523705 

9-8754o484i 

4-067053921 

4-130152666 

4-021033802 



fo-352 



180 0 0-028 






3 

Station A, 

5J ^ 

?) ... • • • , , , 

45 30 3 '049 
62 59 12-239 
71 30 44-734 

9-853248348 

9-949829(523 

9-976988082 

3- 943314187 

4- 039895462 
4-067053921 

10962-1430 

2*076 

+0-508 



180 0 0*022 






4 

Station jS 

„ B, ... ... ... 

,, y ... 

87 42 43-003 

39 47 3 ’407 
52 30 13-60^ 

9-999653616 

9-806111338 

9-8994881626 

4-043479177 

3-849936899 

3-943314187 



+1-225 



180 0 o’oi5 






5 

Station B, 

?> y 

{i 

J) ^9 ••• •#. 

(58 42 12-614 
49 j6 21-837 
(5i 21 25-572 

9-969282354 
9*883 868 r 03 
9-943308649 

4*069452882 

3- 984038631 

4- 043479177 

9639-1476 

1-826 

+1-467 



180 0 0*023 






6 

Station y 

« 0, ... 

» S 

<59 33 45 ' 2,59 
48 28 24-616 

57 5 o'-t 5 ^ 

9-971764652 

9-874278363 

9’945789437 

4-095428097 

3- 997941808 

4- 069452882 



—0-296 



180 0 0*026 






7 

Station C, 

» 8 ... 

North- East-End of Base, ) 
or Agzar Station J 

70 10 5-510 
4<5 55 55 '9 71 
62 53 58-547 

9 ‘ 97344772 i 

9-863647744 

9-949492261 

4-119383557 

4-009583580 

4-095428097 

10223*1229 

1*936 

+0-302 


! 

180 0 0-028 


Sum 

41345-5191 

7-831 



Note. — ^E oiCh side of a triangle is given in tlie same horizontal line with tlio angle which it subtends. 


The angles of the verificatory triangulation, were measured with a 3-foot Theodolite by 
Barrow read by 5 micrometer microscopes. At all the stations 3 measures were made on each 
of 10 zeros. The stations on the line are South-West-End, A, B, 0 and North-East-End. 
The auxiliary stations are a, /3, y and 8. 
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YI_ 

—30 

Comparison in feet between the values computed by means of the verificatory triangulaticn 

and the measured value* 


Of the entire line. 

South-West-End to North-East-End by the measurement,'] Log. 

page VI_^g Ki 34 j' 4 ai 9 4-616427428 

„ computed in terms of South-West-End to 

Station A, page VI 

Log. computed value — Log. measured value =-f- o'ooo 00 r 021 


In terms of the entire 

line hy measurement. 

Computed 


Computed 

MtuiBurtHP 

South-West-End to Station A . . 

. . 10521-0809 

— ’C247 

Station A to Station B . . . . 

. . 10962*1172 

-1--0096 

5, IS to ,, C • • • • 

. . 9639-1249 

+-0157 

„ C to „ jN’orth-East-End 

. , 10223-0989 

— *0006 


■41345*5191 4*^16428449 


0/ each section in terms of the others. 



Soiitli-West-End 
to Station A 

' Station A to 
Station B 

Computed 

Measured 

' Station T 3 to 
Station 0 

Computed 

MeuBurod 

Sf ation C to 
U.E. End 

Computed 

Measurod 

Measured lengths'^ 

xo52I'io56 

10952-1076 

• • 

9639-1092 

k « * • 

10223-0995 


Computed on base 
S.W. End to Station A 

1 

r ^ • • • 

I 0952 -I 430 

+*0354 

9639 -I 475 

+ •0384 

10223-1229 

, +*0234 

Computed on base 
Station A to Station B 

} •• 

• • m w 

• • # « 

9639 -II 65 

+ -OO73 

10223-0899 

—-0096 

Computed on base 
Station B to Station C 

“ • • • 

• • * • 

# # • • 

* « » * 

i 

1 

10223*0822 

--0173 


Note.— S ince Log^(a; + dx) = Log^a; + 1 ^) _ + <fcc. 


dx:::: j^Logig (» -f <& ) — Log^o » j 
variations in the fotegoing natural nximbers have been calculated. 


X 


Modulus 


nearly, by ■which expression the required 
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Description of Stations. 



SOUTH-WEST-END op CHACH BASE or KALU STATION, Lai 33“ 53', Loner. 72“ 
25 , IS situated on tlie south, end of a mound to the S. of the village of that name, in the Chach 
valley ; thana Hazro, pargana Attok, tappa Haveli, tahsil Hassan Abdal, and district Rawul 
Pindi. 


1 +1 Vf ^ contains three mark-stones, one at top, another at tiottom 

and the third -j feet^ below the former. Of these marlcs, the one uppermost was used in the measurement of the 
base-line. Ihe dot in question is on a piece of silver lot into a strip of brass, which latter is fi-ved in the stone The 
pillar and mark-stones are protected by a hemispherical dome of masonry, on the key stone of which a mark for or 
dinary reference will be found ; the height of tliis mai-k above the base-line dot is 3-54 feet. The nillar is enclosed in a 
platform of earth-work some 14 feet sq^uare. ^ 


The South-West-End was connected in 1860, by a double line of spirit levels with the 
mean sea level at Karachi, when it was found that the height of the markstone on the dome of 
masonry was 1018-15 feet above this datum. 


NORTH-EAST-END op CHACH BASE or AGZAR STATION, Lat. 33“ 57', Long. 
72° 32', is situated on the southern end of a mound in the Chach valley; mouza Ao-zar, thana 
Hazro, tappa Sarkani, pargana Attok, tahsil Hassan Ahdal, and district Rawul Pindh 


The pillar is solid, and o-2 feet high. It contains three mark-stones, one at top, another at bottom and 
a third 2-8 feet below tbc former. Of these marks the uppermost one was used in the measurement of the’ base-line 
The dot ill question, and the means employed for its protection, are similar to those adopted for the Soutli-Wcst End of 
this liaso. The height of the mark on the dome of masonry is 3’41 feet above the base-lme dot. The pillar is enclosed 
ill a platform of earth-work some 14 feet square. ^ 


STATION A. Is on the straight line from Kalu Station to Agzar^ Station, and distant 
1*99 miles from the former. 

The mark consists of a dot on a brass pin fixed in the head of a stout wooden picket, driven about 5 feet 
into the ground and projecting 14 inches alwvo the surface. I'his picket is in the centre of an equilateral triamde form- 
ed by 3 other pickets of equal height on which the feet of the theodolite stand rest and the spaces between the pickets 
are tilled up with masonry so as to form a triangular pillar ; the latter is isolated from the platform of earth-work some 
14 feet square, in which it is enclosed. ’ 


STATION B. Is on the straight line from Kalu Station to Agzar Station, and distant 
4*07 miles from the former. 

The mark and platform at this station are similar to those at Station A. 

STATION C. Is on the straight line from Kalu Station to Agzar Station, and distant 
1-94 miles from the latter. 

The mark and platform at this station are similar to those at Station A. 

AUXILIARY STATIONS a, /3,y, and S, are situated on suitable swells of land lyino* 
to the S.B. of the base-line. 

The stations arc marked by a central isolated pillar of masomy, surrounded by a platform of stones and 
earth, about 14 feet square. There are mark-stones at top and bottom of the pillar. 


J- B. N. HENNESSEY. 



KtllHIII BISE’LIHE. 



KARACHI BASE-LINE 




The middle point of this base-line is in Latitude N. 24° 56', Longitude E. 67° 13' ; 
the Azimuth of North-End at South-End is 205° 24', and the line is 7‘32 Miles in length. 

The measurement was effected under the supervision of Lieut.-ColoneP A. S. Waugh, E.B. 
by Majorf A. Strange assisted by the following : 

Lieut. J. E. Tennant, R.E. 

„ D. J. Nasmyth, R.E. 

„ T. G-. Montgomerie, R.E. 

Mr. C. Lane 
„ H. Keel an 
„ N. A. Belletty 
„ C. H. Burt 
„ 0. J. Cai'ty 
„ J. H. Smith 
„ J. McGill 
Mir Siud Mohsim 


^ Now General Sir A. S. Waugli. 
t ISTow Colonel A. Strange. 



KARACHI BASE-^LINE 
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VII 


INTRODUCTION. 


This base-line' was measured East of the town of Karachi in the proyince of Sind, the 
South-End of the line being at an azimuth of about 255“ from Karachi church and distant from 
thence 8‘2 miles. The line was selected by Mr. W. 0. Rossenrode and the preliminary arrange- 
ments made by Major A. Strange. 

The measurement was commenced at South-End, bar-tongues pointing West, and carried 
on cmtinuomly to North-End, so that every succeeding set originated at the point marking the 
terminus of its predecessor. The line was divided into 4 sections by the sub-dividing points 
A, B and C, to admit of verification by minor triangulation ; and in addition four points, called 
Posterity-marlss a, e, /, and y, were laid down in the measurement. Of these, a was at 10 sets or 
about 630 feet, e at 21 sets or nearly J mile, f at 42 sets or some i mile and y at 84 sets or 1 
mile, all reckoned from the South-End. It is also to be noticed that the extremities of the line 
were connected by means of the triangulation with the tide-gauge set up at Manora point in 
Karachi harbour, where the mean sea level was determined by Lieutenant J. E. Tennant, R.E. 

The compensated bars were compared with the standard A on three occasions, i.e. before 
the measurement near South-End, after set No. 306 near Section Station B and after the mea- 
surement near North-End. On all these occasions the comparing piers were set up parallel to 
the line and within a few feet of it, while the bar-tongues pointed West as they did during the 
measurement. The series of comparisons at South-End comprised 109 sets, that at B consisted 
of 93 sets and 85 sets were taken at North-End. 

One of the comparing microscopes employed in the preceding bar comparisons was fitted 
with a micrometer, while the other had its wires (or lines) fixed. 

The compensated microscopes were compared with their scales on 6 occasions, including 
the comparisons taken prior and subsequent to the measurement. 

In respect to time, the first set of bar comparisons was taken on the 30th November 1854, 
the last on the 29th of the following January. 

The stations of the verificatory triangulation were 9 in number, forming a single series 
of triangles. Of these stations, 5 were in the alignment, South-End, A, B, 0 and North- 
End, while the auxiliary stations a, j8, y and 8 were placed on suitable sites West of the line. 
The angles were measured by Lieut. J. E. Tennant, R.E., with Troughton’s 3-foot theodolite on 
10 equidistant zeros ; three measures were made on each zero, so that 30 measures in all were 
made of each angle. 
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KARACHI BASE-LIKE 


“■4 

Comparisons letween the Standard Bar A and the Compensated Bars A, B, C, D, E, H, made 
at the South-End of the hase-Une, before the measurement. 


1854 

Hot. 

& 

Pec. 

Mean of the times of observing A 

Ko. of comparison 

Temperature of Air 

Corrected mean temperature of A 


Micboi 

1 Oivisk 

XETBE 

1 

Eeabin* 

as in- 
ch [ 7 . 8 ],= 

Ditisions 

1*2851 m . y , of A 


Eemabks 

21604-10 

Mean 

A 

A 

B 

c 

D 

E 

H 

Mean, of the 
compensated 
bars 


k m . 

0 0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


30 th 

7 I A.M. I 64-5 63 '<0 

959-5 

1089*2 

1070*6 

1094*5 

1123-0 

1084-0 

1090'X 

1092*2 

Major Strange at 


7 H 

2 63-3 <53-50 

963-2 

1092-3 

1073-0 

1097*0 

1 128 -3 

1088-9 

1089-2 

1093-2 

the micrometer mi- 
croscope ; Mr, Kee- 


7 4a 

3 65-9 <53-63 

968-4 

1098-0 

1 073 ‘3 

1099-0 

1128-7 

1088-5 

1094-9 

1097-1 

Ian at the plain mi- 


7 58 

4 66-3 63-83 

974-5 

1097-5 

1076-0 

1104*1 

1130*3 

1096*2 

1094-6 

X 099*8 

croscopo. 


8 15 

3 66-9 64-13 

980*9 

1102*5 

1077-9 

1 104*4 

1134*2 

1097*2. 

1096*2 

II 02 *I 



8 30 

6 67-2 64-43 

986-0 

1101-7 

1078-0 

1I02'7 

1134-2 

1097*0 

1093-2 

1101-3 



8 45 

7 68-1 64-80 

991-9 

1102-6 

1079*5 

IIOI-8 

1 133-2 

1099-8 

1097-3 

1102-4 



9 0 

8 69-3 63-20 

998-8 

1103*0 

1079*3 

1 104-6 

1133-9 

1098-5 

1098-3 

1102*9 



9 16 

9 <59-7 6s-6s 

ioo8-6 

1104-a 

io8i*o 

1107-3 

1138-5 

1103*4 

1099*0 

1103-6 

Sky ohscnred Toy 


9 31 

10 69-4 66-20 

1018-4 

1106-5 

1084-3 

1 107-3 

1137-6 

1103-0 

1102*5 

1106-9 

dense clouds. Sharp 
-wind from 


IX 4 

II 72-3 68-23 

1051*0 

1 104-3 

1078-8 

1114*0 

1 146-0 

1102*9 

1098-8 

1-1 

0 



II 21 

12 73-3 68-80 

1062-8 

1104-2 

1080-3 

1118-3 

1141*6 

1 100-9 

1094-6 

1106-7 



II 32 

13 74-2 69-33 

1071*1 

1 107-0 

1079*0 

1113-6 

1143*5 

1101*9 

1096-1 

1107*2 



11 4<5 

14 74-0 69-90 

1080-1 

1103-2 

1081-0 

1118-4 

1143*7 

1 102*9 

1097-3 

iioS'i 



0 3 F.M. 15 74'I 70-43 

1089-2 

1 108-0 

1081-3 

1119-3 

1143-2 

1104*4 

1098-4 

1109*5 



0 18 

16 74-4 70-83 

1096-6 

IIIO-O 

1083*8 

,1114*3 

1144*9 

1104*0 

1097-0 

1109*0 



0 32 

17 74-9 71-23 

II 04-3 

1108-9 

1083*0 

1117*3 

1143 *<5 

1104*2 

1098*0 

1109-2 



0 46 

18 73-4 71-68 

1111-4 

1 109-8 

1085*8 

iii9’6 

ii48'o 

1103-8 

1100*0 

1111-3 



0 59 

19 73-8 72-00 

1116-9 

1109-3 

1084-2 

1115-6 

11449 

1106*0 

1099-7 

ino*o 



I 13 

20 76-1 72-33 

1123-9 

1 108-0 

1083-0 

1115-0 

1 146-5 

1107-4 

1100*3 

1110*0 



I 26 

21 76-4 72-78 

1130-3 

IIII-O 

1084-7 

1116-2 

1 146-6 

1107-9 

1101*9 

11114 



I 50 

22 76-0 73-43 

1139-3 

1113-1 

1087-1 

1 120-7 

1 149-6 

1107-6 

1103*8 

1113-7 



2 4 

23 757 7378 

11447 

III2-3 

1089-1 

1122-3 

1132-0 

1111-3 

1104*0 

1 II 5'3 



2 20 

24 75 '3 74 'o 8 

1148-3 

1113-7 

1087-8 

1124-0 

1152-7 

1111-7 

1^05*4 

1115-9 



2 36 

25 75'i 74-20 

1150-5 

11x4-7 

1091 -0 

1126-9 

1152-0 

1113-4 

1103*0 

iii6-8 



2 51 

26 75-2 74-28 

1132-0 

IH3-0 

1089-6 

1122-6 

1151-8 

iio8-2 

1100*6 

1 1 14*3 

Sunshine and 


3 8 

27 74-8 74-28 

1 155-2 

iiia-8 

1090-5 

1 124-7 

1 149-2 

iioS'S 

1 103*2 

1114-9 

clouds alternating 
throughout the 


3 23 

28 74-4 74-35 

1136-1 

1 109-2 

1089-0 

1 120-2 

1149-2 

1107-7 

1102*6 

1113*0 

aiternoon. 

1st 

6 39 A.M, 29 36*1 5 < 5'78 

866-3 

1 1 14-0 

1090-8 

1 109-7 

1 139-2 

1099-2 

1112*8 

IIIX *0 

Lt. Montgomerie 


7 24 

30 39-8 36-63 

867-4 

1114-5 

loSS'o 

1 io8-6 

1137-8 

1099-9 

1107*7 

1109*4 

at the micrometer 
microscope ^ Lieut. 


8 0 

31 64-7 37-43 

883-4 

1 1 10-6 

1083-6 

iio8-8 

1138-0 

1102-9 

iroi*9 

1107*6 

Nasmyth at the 


8 33 

32 68-4 38-78 

908-3 

1106-4 

1081-2 

1 108 '4 

1138-0 

1099-4 

1099*9 

1103-6 

plain microscope. 


8 44 

33 71-2 60-30 

938-3 

1 104-0 

1075-1 

1106-8 

1 135 ‘<5 

1 100-2 

1099*8 

1103-6 



9 14 

34 74-1 62-68 

981-3 

1108-7 

1076-7 

1 1 ID'S 

1138-3 

1103-6 

1100*6 

1106-3 



9 34 

35 76-1 64-63 

1016-6 

1103-1 

1080-4 

1 1 10-2 

1141-8 

1104-4 

IIOI*I 

1107*2 



9 56 

36 77-6 66-43 

1048-0 

1104-6 

1079-4 

1112-9 

1143-2 

1 104-0 

1100*4 

1107*4 



11 35 

37 79-0 73-63 

1170-1 

1113-2 

1092*0 

1156-7 

ii< 54 -o 

1117-0 

xioo*8 

1x24*3 



” 55 

38 78-1 74-38 

1186-4 

1116-9 

1094-6 

1138-6 

1169-0 

1 122-2 

xio5*i 

1127-7 

Sunshine with oc- 


0 lO r.M. 39 77-0 73-13 

1196-7 

XI 2 I -2 

1098-4 

1159-7 

1172-0 

1127-2 

1107*7 

1131*0 

casional clouds. 


0 30 

40 77-7 75-55 

1202-3 

1127-8 

1 103-7 

1157*2 

1 175-0 

1 1 29-9 

11x6*9 

1135‘1 



0 36 

41 78-9 73-93 

1 209- a 

1124-7 

1 107-0 

1154-6 

1176-2 

1131-8 

1121*1 

ii 35'9 



I 16 

42 79-1 76-33 

1220-8 

II 35'1 

1113-8 

1138-6 

1178-2 

1136-8 

1130*2 

1 142-1 




BAR COMPARISONS 


TII 

Before the measurement — (Continued.) 


1854 

Dec. 

Mean of tlie times of observing A 

Ko. of comparison 

Temperature of Air 

Corrected mean temperature of A 


Miceo] 

1 Division 

METER 

_ 1 

Eeadi 

EOS IH 

loh [ 7 . 8 ], = 

Ditisioes 

= 1-2851 m.y. of A 



21604-10 

Mean 

A 

A 

B 

C 

D 

E 

H 

Mean of tlie 
compensated 
bars 


h m. 

0 0 

4 - 

+ 

+ 

H- 

+ 

+ 

+ 

+ 


1st 

I 39 P.M. 

43 79 '^ 7 < 5 - 9 o 

1231-7 

1144-6 

1116-4 

1157-2 

1178*6 

1139-8 

ii 34‘9 

1145-3 



I 59 

44 79'4 77’35 

1242*0 

1142*1 

1122-6 

1160-3 

1182-3 

1147-4 

11.38-2 

1148-8 



a 19 

45 79'3 7 7’ 80 

1248-9 

1146-2 

1121*:^ 

1158-8 

Ii8o'2 

it43‘2 

1135-8 

1147-6 



2 46 

4<5 78’8 78'i8 

1256-3 

1144-9 

1122-6 

1163-4 

1189-3 

1145*0 

1136-7 

1150-3 



3 6 

47 78'2 78'a8 

1261-1 

1 145-7 

1128-1 

1163-0 

1192-7 

II 49-0 

1141-3 

1153-3 



3 a6 

48 77'9 78-30 

1260-a 

1151-6 

1124-7 

ii 59 ‘o 

II86-I 

1150-9 

1140*8 

1152-2 


1 2nd 6 40A.M. 

49 58-7 59'15 

932-7 

11 29*4 

1106-8 

1132-1 

1149-8 

1116*7 

1130-5 

1127*6 

Major Straiip:e at 


6 5 .^ 

50 . 59-8 59 ' 5 o 

930-1 

Ii 33 ‘i 

II 06-0 

1126-0 

1153-6 

1119-8 

1127-4 

1127-7 

tlio micrometer mi- 
croscope; Mr. Kee- 


7 8 

51 61 -0 59-48 

928-0 

1131-0 

1104*9 

1129-5 

1150-9 

1118-9 

1 1 26-9 

1127-0 

km at the plain mi- 


7 19 

52 62'3 59'50 

929-1 

1132-0 

II 05-0 

1126-9 

1153-8 

1120*6 

1126-7 

1127-3 



7 30 

53 d 3'4 59 '^o 

932-4 

1128-9 

1105*1 

1126-8 

1154-1 

1117*9 

1125-1 

1x26-3 



7 4a 

54 ^ 4‘'5 59'85 

93 7’ 7 

1125*2 

itoro 

1126-1 

1153‘0 

1116-4 

II 20'3 

1123-7 



7 58 

55 ^< 5 -^ ^o '33 

947-8 

1125-5 

1101-7 

1123-8 

1149*0 

II 17-3 

1120-5 

1123*0 



8 JO 

56 67-9 60-7,7 

958-6 

1124-1 

1097-8 

1123*6 

1148-5 

11157 

1120*4 

1121-7 



8 23 

37 69-9 61-38 

970-7 

1122-5 

1096-4 

1121*7 

1149-8 

1118-5 

1118-8 

1121-3 



8 35 

j8 71-6 62-03 

983-6 

1 124-0 

1096-9 

II 22-0 

1155 '^ 

1117-6 

1119-6 

1122*6 



8 46 

59 72-8 62-80 

997-3 

1121-9 

1097-0 

1124*1 

1154-5 

1113-8 

1117-5 

ii2rS 



8 59 

60 74-3 63-80 

ioi 5’3 

II 22'2 

1095-9 

II'J2'3 

1154-7 

III6-8 

II 15-1 

1121*2 



9 10 

61 73-6 64-78 

1033-2 

1122-5 

1094-5 

1123-5 

1154-0 

II19-2 

II 15-8 

1121-6 



9 21 

62 76-6 63-65 

1050-4 

1119-5 

1094-9 

1124-1 

1157-0 

1120*1 

1116-9 

II22-I 



9 3^ 

^3 ITS 

1067-3 

II 2 I -0 

1096*1 

iia 5'3 

1154-8 

II2O-7 

III9-O 

1122*8 



9 42 

64 78-a 67-33 

1083-1 

iiar8 

1097-1 

1130-5 

1160-9 

1124-8 

1120-3 

II 25-9 



9 5^ 

65 78-6 68-18 

1098-8 

1123-5 

1095-0 

1128*0 

ii,^ 7‘9 

1124-9 

1120*6 

1 125-0 



II 15 

66 79'7 74-08 

1207-4 

1 144-0 

1120*3 

1176-2 

1185-8 

11 35'9 

ii28'9 

1148-5 

Sea hreejio set in 


II 25 

67 79'8 74-63 

1217-7 

1146-0 

1 1 24-5 

ii 79'5 

1183-7 

1140-5 

1132*0 

1151*0 

irOUi uUti w» n • 


11 35 

68 79-8 75-05 

1225-9 

ii 45'9 

1125-6 

1179-2 

1186-3 

II 447 

ii 33 'o 

115^-5 



II 45 

<59 79'8 75-48 

1234-1 

ii 49'5 

1126-4 

1178-0 

1191-4 

ii 5 o ‘5 

1136-1 

1155-3 



•II 55 

70 79-8 75-90 

1243-4 

1156-9 

1 130-4 

1 1 79-4 

1191-8 

1148-8 

1140-1 

1157-9 



0 6 P.M. 

■ 71 79-9 7 < 5-25 

1249-6 

1157-3 

iib -3 

1183-6 

.1193-5 

1153-5 

1144-0 

1160-9 



0 15 

72 79-9 76-63 

^2 55 '4 

1159-4 

1137-2 

1181-1 

1196-5 

1156-1 

1 147-0 

1162-9 



0 a5 

73 79 8 7^-98 

1262-0 

1161-4 

1138*8 

ii8o'i 

1198-2 

1160-4 

1151-3 

1165-0 



0 37 

74 19'9 77-28 

1267-4 

1162-7 

1140-5 

ii8r-8 

1199-9 

1160-0 

1153-8 

1166-5 



0 49 

75 8o-o 77-55 

1272-4 

1169-0 

1141-8 

1185-4 

1198 9 

1163*0 

ii 5 ' 5‘5 

1169-1 



I 0 

76 80-6 77-83 

1276-4 

1168-5 

1 139-9 

iiSa’i 

1203-6 

1164-6 

1159-6 

1169-7 



I 15 

77 80-4 78-18 

1287-6 

1167-6 

11457 

ii86-i 

1209-2 

ii68'o 

1162-3 

1173-2 



I 25 

78 8o-8 78-48 

1291-5 

1172-5 

1146-8 

1187-2 

1207-0 

1171-1 

ii6i-a 

1 174-3 



I 35 

79 80-9 78-70 

1294-7 

1171-9 

1147-0 

1185.4 

I 2 I 2-0 

1170-0 

1162-2 

1174-8 



I 44 

80 81-0 78-90 

1297-4 

1172-6 

1149-1 

ii86-2 

1209-8 

1172-5 

1 164-5 

1175-8 



I 53 

81 81-0 79-08 

1302-1 

1174-8 

1150-1 

1187-0 

12137 

1173-5 

1 164-6 

1177-3 


i 

-2 3 

82 8i-o 79-23 

1306-2 

1176-6 

11537 

1190-5 

1213-0 

1175-0 

1166-5 

II79-2 



2 13 

83 81- 1 79-43 

i 309’5 

1 1 79-1 

1154-a 

1191-5 

1216-3 

1176-2 

1167-4 

ii8o-8 



2 22 

84 81-0 79-58 

1311-4 

1179-2 

1152-1 

1191-1 

I2I7-O 

1177-8 

1170*2 

1181*2 




VII, 


6 


KAEACHI BASE-LINE 


Before the measurement — (Continued.) 


c& OO 

Mean of the times of observing A 

2?o. of comparison 

Temperature of Air 

Corrected mean temperature of A 


Mioi 

1 Oiy] 

lOMETBB EeAI 

)IN&S IK DiTISIOKS 

f & Inch [ 7 . 8 ], = 1*2851 m , y , of A 



2IC04‘10 

Mean 

A 

A 

B 

c 

D 

E 

H 

Mean of the 
compensated 
bars 

4 . m . 

0 

0 

+ 

4 * 


+ 

+ 

+ 

4 - 

-f 


2nd a ^aP.M. 

85 80 '9 

79’68 

1313-4 

1180-7 

ii56-8 

1192-8 

1216-8 

1178-9 

1173-4 

1183-2 


a 4t 

86 80-9 

7978 

1317-1 

1183-5 

1 154-2 

1191-8 

I22I-2 

1180-3 

1171-2 

1183-5 


a 50 

87 8o-8 

79’83 

1319-2 

1182-2 

” 59-0 

1195-2 

1221-5 

1183-3 

1172*0 

1185-5 


3 0 

88 8o'6 

79-88 

1319-8 

1180-5 

1157-0 

1191-3 

I 222 "X 

TI80-7 

1174-1 

1184-3 


3 11 

89 8o’5 

79‘93 

1320*9 

1184-8 

1 160-8 

1193*5 

1221-5 

1184-0 

1177-0 

X 1 86-9 


3 2 ^^ 

90 8o'3 

79-98 

1321-1 

1183-2 

n6o-o 

1197-2 

1^20*9 

1182-2 

1175-2 

1186-5 


4 tli 6 34 A.M. 91 58*0 

58-55 

958-0 

1169-9 

1146-6 

1167-8 

Ti99’o 

1164-7 

I I 72*9 

1170-2 

Licat. Tennant at 

7 4 

92 6o*a 

58-48 

957 '5 

1175-0 

1149-8 

1172-8 

1195*9 

1162-9 

1167-1 

1170-6 

bXiu jiiicroiiiwLur 1111 ** 

croscope; Mr. Lane 

7 ap 

93 <537 

J8-68 

965-3 

1171-6 

iJ 45*7 

1171-9 

1196-1 

1157*8 

1165-4 

Ii68-i 

at the plain micro- 

7 53 

94 < 56-3 

59-68 

983-0 

1170-6 

1143*1 

1169-7 

1194*3 

ii6o-o 

1 163 -(5 

1x66-9 

scope* 

8 17 

95 69-2 

6ra3 

1006-9 

1166-5 

1140-3 

1165-4 

1193-8 

1158-6 

1157*7 

1163-7 


8 45 

96 7r5 

63-05 

1043-8 

1163-1 

1139*3 

1169-2 

1195-6 

1163*3 

1159*1 

1164-9 


9 5 

97 72-9 

64-33 

1066-4 

ii6i'4 

1136-4 

1 168-0 

1189-9 

1159-2 

1156-4 

1161-9 


9 24 

98 74-4 

65-63 

1088-0 

1164-4 

1133-6 

ii68-2 

1194-3 

ii6o-8 

1158-6 

1163*3 


9 45 

99 75‘4 

67-05 

1110-7 

1163-8 

1134*9 

1171-7 

1196-4 

1162-3 

1155*6 

1x64-1 


ii 24 

loo 79’i 

72-45 

iao 4-7 

1178-4 

1148-5 

1191-7 

12 I 0'6 

1175*1 

1167-8 

1x78-7 


0 op.M. loi 79'8 

73-63 

1328-3 

1177-8 

1149*1 

1193*7 

1210-6 

1 1 79-3 

1170-6 

1I8o*!1 


0 33 

loa 8o‘o 

74-78 

1252-3 

1178-1 

1153*6 

1197-3 

1213-6 

1178-8 

1171'a 

ii8a-i 


0 56 

103 8o'4 

7578 

1269-4 

1181-9 

” 55*2 

1195*8 

1217-0 

ii8o-6 

1172-7 

1183-9 


1 44 

104 So'i 

77-38 

^295-3 

1189-0 

1165-2 

1204-0 

1225-5 

1 190-3 

1178-8 

1192 ’! 


2 4 

105 8o’i 

77-93 

1303-8 

1188-3 

1166-5 

1203-8 

1225-4 

1192-0 

1183-0 

1193-2 


a 

106 8o-i 

78-23 

1310-6 

1 195-0 

1170-8 

1207-6 

1229-6 

1196-4 

1189-8 

IJ 98-2 


a 49 

107 79'8 

78-45 

1315-1 

1196-4 

1173-0 

1208-3 

1235-8 

1199-6 

1190-0 

1200*5 


3 JO 

108 79-3 

78-68 

1317-9 

1200-2 

1177*4 

1212-8 

1234-4 

1201'0 

1196-4 

1203-7 


3 31 

109 78-5 

78-85 

1318-8 

1204-3 

iiSo'S 

1214-1 

1242-9 

1202-3 

1 196-9 

1206-9 



Means 

70-41 

1127-96 1139*35 

1114-79 1149-50 1174*25 1136-20 1131-88 1141-00 





BAR COMPARISONS 

Before ihe measurement — (Continued.) 



Let the mean length of the compensated bars minus the Standard A at 62® F he denoted 
hy ii;,,and the observed excess of the compensated bars by § when the temperature of A is f. 
Then, the expansion of A for 1° being — dE ^ ), we have 


Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results : — 


1-50 (jB^ 

- dEf]-i^v^ - 0 

»+ 5’37 (^a 


A 

) — 342-0 = 0 

X— i’5o 


— 133-0 = 0 

a?+ 4-57 

99 

— 322*2 = 0 

X— 1 : 6 ^ 

9) 

— 128-7 = 0 

x+ 3-32 

99 

— 197*1 2 = 0 

x— 1-83 

V 

-135-3 = 0 

a7+ 1-70 

99 

-165-3 = 0 

X— 3*13 

9) 

— 121-3 = 0 

X— 0-68 

99 

— 125-0 = 0 

X- 2'45 

99 

-115-5 = 0 

X— 3-65 

99 

— 90*6 = 0 

X— 2'8o 

99 

— 110-5 == 0 

X- 4-43 

99 

- 59-4 = 0 

X— 3‘30 

99 

— 104-1 = 0 

a?- 11-65 

99 

4 " 45 '^ ~ ® 

X- 3-65 

99 

— 97-0 = 0 

a?— 13-58 

99 

4- 58-7 = 0 

a?— 4’30 

99 

— 88-5 = 0 

a 7 -i 3 -i 5 

99 

+ 65*7 = 0 

i»— 6’a5 

99 

- 56-5 = 0 

a?-i 3‘55 

99 

4 - 67-4 = 0 

X— 6'8o 

99 

- 43-9 = 0 

«^-i 3-93 

99 

+ 73'3 = 0 

X- 7«35 

99 

- 36-1 = 0 

a?- 14-33 

99 

4 - 78-7 = 0 

x— 7-90 

99 

— 38-0 = 0 

a?— 14-90 

99 

+ 86*4 = 0 

8‘43 

99 

— 20'3 = 0 

^-i 5'35 

99 

4- 93*2 = 0 

00 

do 

1 

99 

— 13-4 = 0 

a?— 15*80 

99 

+ 101*3 = 0 

9'33 

99 

- 4-9 = 0 

a;— i6-i8 

99 

+ io6*o = 0 

a?— 9‘68 

99 

— O-I = 0 

a?— 16-28 

99 

+ 107*8 = 0 

a?— lo'oo 

99 

+ 6-9 = 0 

ar— 16-30 

99 

+ io8*o = 0 

a?- 10-33 

99 

4- 13-9 = 0 

x+ 2-27 

99 

-194-9 = 0 

a?— 10-78 

99 

+ ip-i = 0 

a? 4 - 2-50 

99 

—197*6 = 0 

a;- 1 1 -43 

99 

+ 35-6 = 0 

; 47 + 2-52 

99 

—199-0 = 0 

a;--ii -78 

99 

+ 29-4 = 0 

»+ 2-50 

99 

—198*2 = 0 

a?— 13-oS 

99 

+ 33-6 = 0 

a? 4 - 2-40 

99 

-193-9 == 0 

a?— 13-20 

99 

+ 337 = 0 

x+ 3-15 

99 

—186-0 = 0 

flf— I2’28 

99 

+ ZT 1 - 0 

x + v 6 *j 

99 

-175-2 = 0 

a?--i 3-38 

99 

+ 40-3 = 0 

a? 4 - 1-25 

99 

—163-1 = 0 

af- 12-35 

99 

4 - 43 'i = 0 

a?4- 0-62 

39 

—150-6 = 0 

a?+ 5-22 

99 

-2447 = 0 

a?— 0-03 

39 

—139-0 = 0 



KARACHI BASE-LINE 


TII_8 


Before the measurement — (Continued.) 


x— o'8o 

a 

— dEa)~i2,4'5 = 0 

*-17-68 (E^ 

-dE, 

d 

,) 4-130-3 = 0 

X— i-8o 

)) 

-105-9 = 0 

*—17-78 

yy 

4-133-6 = 0 

X— 378 

3 ) 

— 88*4 = 0 

*-17-83 

yy 

-1337 = 0 

a?- 3-65 

)) 

— 71-7 = 0 

*—17-88 

yy 

+ 135-5 = 0 

x- 4-50 

y) 

- 5S5 = 0 

*-17-93 

yy 

4-134-0 = 0 

5‘33 

yy 

— 43-8 = 0 

*-17-98 

yy 

4-134-6 = 0 

a— 6‘i8 

yy 

— 36-3 = 0 

3'45 

yy 

—313-3 = 0 

x~iz-o8 

yy 

-f 58*9 = 0 

*4- 3-53 

yy 

-313-1 = 0 

x—xa‘62 

yy 

-f 66-7 = 0 

*4- 3-33 

yy 

—303-8 = 0 

x-js'os 

yy 

+ 73‘4 = 0 

x-i- 3-33 

yy 

—183-9 = 0 

X- 12-48 

yy 

-1- 78-8 = 0 

*4- 0-77 

yy 

—156-8 = 0 

a?— 13-90 

yy 

+ 85-5 = 0 

*— 1-05 

yy 

— 131-1 = 0 

ar— 14-35 

yy 

+ 88-7 = 0 

*- 3-33 

yy 

- 95-5 = 0 

a?- 14-53 

yy 

■+■ 93-5 = 0 

*- 3-63 

yy 

- 75-3 = 0 

a; — 14-98 

yy 

4- 97-0 = 0 

*- 5-05 

yy 

- 53-4 = 0 

a?— 15*38 

yy 

■+ 100-9 ~ ^ 

*- 10-45 

yy 

4- 36-0 = 0 

«“I 5'55 

yy 

-1-103-3 = 0 

*—11-63 

yy 

Hh 4^-1 = 0 

a:- 15-83 

yy 

-1- 106*7 == 0 

*-13-78 

yy 

4 - 70-3 = 0 

a?— 16-18 

yy 

-|- 1 14*4 ~ ^ 

*—13-78 

yy 

+ ^5-5 = 0 

a?— 16-48 

yy 

-f 117-3 = 0 

*-15-38 

yy 

■ 4 - 103-3 = 0 

a;— 16-70 

yy 

■+■119-9 = 0 

*-15-93 

yy 

■4-110*6 = 0 

a?— 16-90 

yy 

4 - 131-6 = 0 

*—16-33 

yy 

4-113-4 = 0 

00 

0 

1 

yy 

4-134-8 = 0 

*— 16-45 

yy 

-t-ii4-6 = 0 

a?— -17-33 

yy 

4-137-0 = 0 

*— 16-68 

yy 

4-114-3 = 0 

a;- 17-43 

yy 

4-138-7 = 0 

*—16-85 

yy 

4-111-9 = 0 

00 

i-l 

1 

yy 

4-130-3 = 0 





BAR COMPARISONS YII_ 

9 

Before the mecmment—{CohilmQd.) 

And from tlie mean of these results, 

d 

X = i^'o^ + {E^ - dE^) : 

adopting* the approximate value of the expansion of A given at page ( 9 ), 

ffl.y d 

E ^ = 22*67 = I7-64I, 

i my 

and X = 161*40 - 8*41 dE^ = 207*42 - 8*41 = l - A ; 

Tvhere L denotes the mean length of the compensated bars obtained from all the comparisons, 

d 

as represented by the mean micrometer reading 1141*00, page VII 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following 



In terms of ' 

A-L 

B-L 

c 

-L 

B-L 

E-L 

H-L ! 

Micrometer divisions. 

-1*65 

—26*21 

+ 

8*50 

+33'35 

-4*80 

1 

vq 

Millionths of a yard. 

-2*12 

-33-68 

+ 10*92 

•^-4*■73 

— 6*17 

-11*72 j 


Also combining the values in this table with the equivalent of L-A above determined 
there result, 

d my 

A - A = 159*75 - 8 ’ 4 i dB ^ - 205-30 - 8*41 dE ^ 

B- A = 135*19- „ = 17374 “ « 

C - A = 169-90 - „ = 218-34 - „ 

D-A = 194*65- „ =250*15- 

E-A = 156-60- =201*25- „ 

H- A = 152*28- „ =195-70- ,, 


and (ox= 1244*5 - S^'S 





YIL 


lO 


KARACHI BASE-LINE 


Comparisons between the Standard Bar A and the Compensated Bars A, B, C, B, Hj made on 
a site selected at the centre of the hase-line, after set No. 306 , 


1855 

Jany. 

Mean of the times of obserriiig A 

Ko. of comparison 

Temperature of Air 

Corrected mean temperature of A 


M lOB 

1 Pivi 

OMBTER 



Be API 

rros IN 

Incli [ 7 . 8 ], = 

Ditisions 

= 1*2859 m.y. of A 

' 

Bemarks 

21590*30 

Mean. 

A 

A 

B 

C 

D 

E 

H 

Mean of the 
compensated 
bars 


Jh, m. 

0 

0 

4 - 

■f 

+ 

+ 

+ 

-f 

+ 

4- 


2nd 

7 13 A.M. I 55-3 

34 " 43 

862-r 

1131-2 

1 122-4 

I r 4 o*'o 

1 171-0 


1143-9 

1143-3 

Lieut. Tenuaut at 


7 4a 

2 58*2 

34-35 

863-8 

1 148*4 

II 2 I *3 

1141*2 

1 169-7 

1133-4 

1144-8 

1143-1 

the micrometer mi- 
croscope: Mr. Lane 



3 61 ‘O 

33-18 

873-3 

1139-6 

1112-5 

1132-8 

j i6o*5 

1125-8 

1136-0 

1134-3 

at the plain micros- 


8 34 

4 64-5 

S&u 8 

895-2 

1139-3 

iiJ0*8 

1135-3 

1 i66-2 


1133-3 

1 135-3 

cope. 


9 7 

3 <59-3 

38-43 

9351 

1133-8 

1105-8 

ii 35'8 

I 164*0 

1129*7 

1128-2 

1132*9 



9 32 

6 717 

60-48 

971-8 

1132-9 

1 104-6 

1134-6 

1 1 63 -3 

1125-0 

1128-3 

1131-3 

Cold wind ft'om N. 


9 34 

7 73-3 

62*40 

1004-5 

1132-8 

1099*0 

1134-8 

1 1 64*8 


1127-3 

1131-7 

tilil 10 0 cloclc 


11 3 

8 78-3 

68-6o 

1100-3 

1113-3 

1087-a 

1133-3 

1137-7 

1122*3 

II 10*1 

112 1*0 



II 21 

9 79 ‘o 

70*10 

1126-r 

1 111*1 

1082-7 

11 3 ( 5-3 

1158-7 

J125-0 

nii-6 

1120*9 



n 41 

JO 79-9 

71-43 

1151-0 

1 1147 

1087-1 

1137-6 

1 163 -8 

1125-7 

1114-4 

1123*9 



0 5 P.M. II 80 *6 

73-83 

1176-3 

1 1 13-4 

1087-7 

1140-3 

1 164-2 

1125*6 

1 1 18-0 

1124*9 



0 29 

12 8l-I 

74-23 

1200*0 

1124*4 

1095-9 

1144-0 

1167-7 

1131-7 

I r 24'4 

1131*4 



0 51 

13 816 

75-33 

laiS'S 

1127-7 

1105-7 

1 149-3 

1169-6 

1137-2 

1126-9 

1136-1 



jt 13 

14 Sa'i 

7 t 5'23 

1235-5 

1130*4 

1108-6 

1153-7 

1177-1 

1 139-4 

1130-8 

1 140*0 



1 4a 

15 82-4 

77-30 

1254-9 

1 142-0 

iii6-8 

11.59-3 

1183-6 

1143-9 

1138-0 

it47-6 



a 4 

iJs 82*2 

78-13 

1268-5 

1 147-3 

1118-4 

1162-3 

1188-4 

1 147-4 

1 140*0 

1130-6 



a 30 

17 817 

7883 

1278-8 

1148-9 

iiar 3 

1162*2 

1191-0 

1134-1 

1143-9 

1133-9 



a 37 

18 81-4 

79-28 

1286-2 

1134-6 

ii26‘7 

1169*4 

1 191-7 

1133-4 

1 130-9 

1158-1 

Light clouds during 


3 a4 

19 80-4 

79-53 

1289-9 

1 137-3 

1134-6 

1171-8 

J 197-7 

1160-0 

1130-9 

1 162*1 

the afternoon. 

3 rd 

7 5 A.M. 20 56*0 

38-20 

913-5 

1136-2 

1x17-6 

1133-a 

11 66-1 

1131-5 

1141-3 

11.37-7 

Major Strange at 


7 24 

21 56-4 

37-83 

908-7 

1144-8 

1118-8 

1137-0 

1163-6 

1128-9 

1138-9 

1138-7 

the micrometer mi- 
croscope : Mr. Ijime 


7 40 

33 57-0 

37-58 

906-2 

1143-2 

1113*3 

1134-1 

1164-1 

1130-7 

1 142-4 

1138-3 

at the plain micros- 


7 3 ^ 

2.3 58'o 

37-48 

906-7 

1140-7 

1117-8 

1134-0 

1163-8 

3 129-6 

1139-9 

1137-6 

cope. 


8 14 

24 39’3 

37-43 

907-4 

1 142-4 

1116-5 

1133-1 

1164-8 

1 130-0 

1137-2 

1137-3 



8 40 

23 61*3 

37-73 

915-4 

1141-3 

11X4*1 

ii 34'3 

1161-8 

1129-0 

1133-0 

113 ( 5-0 



9 3 

a6 63 "I 

38 -.30 

926-5 

1144-4 

irii’9 

1133-4 

1163-3 

1131-0 

ii 33'9 

1137-0 



9 23 

27 ' 54-,5 

38-93 

938-5 

1139-8 

1112*5 

1134-8 

1162-6 

1133-7 

1134-9 

1 13(5-4 



9 40 

28 65 '5 

39-68 

931-1 

1138-0 

11107 

1 13 7-3 

1164-2 

1133-8 

1134-3 

1 i3(5-5 



9 3^ 

29 66-5 

60*30 

961-4 

1136-8 

XI 10*3 

1137-0 

ii6i-8 

1131-0 

1133-0 

1133-0 



II i 3 

30 707 

64-25 

1028-5 

1132-0 

no 3'3 

1143-8 

1163-6 

1128-3 

1124-6 

1132-4 



It 34 

31 7 f 9 

65*28 

1048-5 

1133-0 

1105-4 

1144-3 

ii66-o 

1130-5 

1126-0 

1134-2 



It 55 

32 75 '0 

66-35 

1068-5 

1133-3 

II 10*0 

1144-4 

1167-9 

1133-7 

1 127-3 

113 ( 5-1 



0 I 2 P.M. 33 73 '9 

67*20 

1084-3 

1133-9 

1110*4 

1143-4 

1167-7 

1134-5 

1130-8 

1137-3 



0 30 

34 74 ■« 

68-15 

1101-3 

1134-8 

1110*9 

1144-3 

1167-3 

1138-0 

1 130-8 

1137-7 



0 42 

35 7 5 '3 

69-10 

1117-2 

1 133-3 

1113*0 

1147-6 

1169-0 

1139-9 

1 13 I -2 

ii 39'4 



0 38 

3'3 73'7 

69 '9 8 

1130-9 

1138-9 

xii4*i 

1147-3 

1 1 70-5 

1141-9 

1131-7 

1140-7 



I 34 

37 7 < 5‘<3 

71-43 

1 1. 33 -3 

1141-0 


1 1 33-3 

1173-3 

1 1 44-0 

1136-4 

1 144-3 



I 49 

38 77-0 

72-10 

1168-5 

1 142-9 

iii6*o 

1136-4 

1178-0 

1144-8 

1137-2 

1143-9 



3 

39 77'2 

72-70 

1178-9 

1 144-9 

1119*8 

11397 

1180-9 

1152-1 

1138-0 

1149-2 



2 19 

40 77'3 

73-25 

1186-7 

1147-4 

1120*3 

1139-7 

1182-5 

1149-6 

1 142-0 

1 130-3 



2 33 

41 77*3 

73-68 

1 193-3 

1151-2 


1161-8 

1 1 86-'6 

1152-8 

1143-8 

1134-0 



3 48 

42 77'4 

74-18 

1204-9 

1152-0 

1129*0 

1164-8 

1 1 89-6 

1135-0 

1147-1 

ii 5 ' 5‘3 



3 3 

43 77'2 

74-68 

12 I 2'3 

1133-9 

1130*1 

1166-9 

1191-4 

1 156-2 

1 149-3 

1158-3 



3 20 

44 77‘2 

74-93 

1218-1 

1139-3 

1128-5 

1169-1 

1193-3 

1160-7 

1150-7 

1160-3 



3 37 

43 77*1 

75-28 

1223-9 

ii6o-o 

1132-8 

1171-9 

1193-8 

1159-0 

1133-0 

1162-1 



January 2nd. Rained this evening. 



BAR COMPARISONS 


After set M. S 06 ~(Continued.') 

MIiceometer Keadiitg-s I m* Divisions 

1 Division = Cary’s Inch [ 7 . 8 ], = 1-2859 m.y. of A 


Jany. .§ 


Mean 

A A 


B C 


D E II 


B E M A n E s 


h. m. ^ 

7 31 A.H. 46 ^6' 2 

7 47 58-3 

8 15 48 Sfi 

8 40 4p (54-8 

9 7 5 ° < 58’3 

9 27 51 70 -.$ 

9 47 .^3 71-8 

“ ^ 53 75-8 

ir 30 54 76’9 

II 43 55 77-4 


4 r.M. 78-1 
i8 57 78’5 

50 58 78-9 

8 59 79-1 

57 60 79-0 

o 6r 787 

10 62 787 

p 63 77-6 

;8 <54 75-8 

r6 63 77-0 


7 1 1 A.M, 
7 28 
7 42 

7 57 

8 12 

8 28 

8 50 

9 7 


9 

XI 22 

3 S 
ir 48 
o I P.M. 


f. 66 56'^ 
67 56-9 
<58 57-3 

<59 57-9 

70 587 

71 59‘5 

72 60*6 

73 <Si -.9 

74 < 5 i -9 

75 62-6 

76 63-3 

77 <55 

78 55-6 

79 <55-9 

!■ 80 6 ( 5 ’ I 

8x 667 

82 66*(5 

83 66-9 

84 55'9 

85 <57-0 

86 677 

87 67-8 

88 67-9 

89 67-8 

90 67*8 

91 67-9 

92 68-1 

93 < 58*1 

Means 


59’38 
6073 
62*1 3 

< 57'93 
69' 20 
70-25 
7 i' 3 o 

72- 23 
73 'i 3 

73- 95 

74 - 93 

75 - 48 

75 - 98 

76- 40 
7 < 5-55 
76-65 

58-88 

58-58 

58-43 

58-28 

58-23 

58-28 

58-35 

58-58 

58-90 

59'23 

59'<58 

62*13 

62- 43 
62*63 
< 52-95 
<5.3-35 
^3-53 

63- 80 

64- 08 

64- 38 

<54-95 

65 - 25 
65-53 

65-70 

65- 88 
66*15 

66- 43 
66-60 


+ 

919-8 
915-6 
921-7 
936*6 
961-9 
986-9 
lOI 1-5 
1112-5 
1 131-8 
1150-7 
1170-6 

II88-7 
1205-4 
I2I9-7 
123 ?-6 

1^45-7 

1253-7 

1258- 8 
1262-3 

1259 - 9 

956-9 

951-9 

948-0 

945 - 1 

944-0 

946- 0 

950-5 

955-5 

961-8 

968-8 

975-7 

I015-7 

1021-5 

1025-1 

1030-6 

1036-0 

1041-3 

1045-8 

1 05 1 -5 

1057-1 
1064-0 
1068-6 
1 073 -2 
1078-0 
1084-1 
1087-4 
1090*7 
1095-6 


1 1 39-1 
1136-7 

1136 - 5 
1135-8 

1131 - 7 
1 13 10 
II28-X 

1132- 6 

11 37 - 7 
11387 
1139-9 

1 145-9 

1152 - 8 
1157*2 
1162*4 
1159*8 
1 165-1 

1171-4 

1174-4 

1177-0 

1153 - a 

1 150- 9 

1151- 8 

1151 - 1 

1152- 2 
1152*3 
1149-5 
1151-8 

1148-5 

1151-r 

1151-6 

1148-5 

1148-8 

1151-0 

1146- 9 

1147- 2 

1151-5 

1151-8 
11 <00 

1155 - 7 

1156 - 3 

1157 - 7 

1158 - 5 
1163-7 

1 163-0 
1162-3 
1167-0 
1170-9 


4 - 

1134-0 

1127-4 

1127*3 

1125*1 

1 121 - 5 
1119-4 

1119 - 9 

1120 - 1 

11 22 - 4 
1124*1 
1128*3 
1 132-3 
1136*9 
1142*1 
1147-8 
1149-8 
1151*0 
1158*2 

ii6i*8 

1161-3 

1146*2 

1146 - 5 
11 + 3-6 
1144-8 
1142-9 
1144-8 
1142-6 * 
1142-3 
1140-8 
1144*6 

114 . 3 - 6 
1138-0 
11411 
1136*3 
1140-3 
1138-9 

1140- 8 
1x42-2 

1141- 6 

114 . 3 - 5 

X148-6 

1 147 - 7 

1146-7 

1149-8 

1152*6 

1153 - 3 
1155-1 

1154 - 5 


+ 

1 146*4 
1142-8 
1141*2 
1 141*9 
1142-3 
1 142*0 
1 144-8 
1 161*4 
1 161*6 
1x64*1 
1169*7 
1171*9 
1178-6 
1181*5 
1 x 86*2 

1189-7 

1192-2 

1194-2 

^199-3 

1190*0 

1 1 53 - r 
1160-3 
1160*4 
1163-6 
ij6r< 
1‘65-5 
’ 1163-2 
1164*4 
1164*0 
1167*2 
ii66*x 
1170*0 
1167*9 
1171*8 
1 1 68*0 
T 169*7 
1170*1 
1171*7 
1172*0 
1174*4 
1177*1 
1x78-5 
1179-8 
ii8x-o 

1183- 8 
1182-8 

1184- 7 
1 186-8 


117.3-7 

1170*8 
1169*3 
1171*4 
1 169*0 
1169-7 
1168-9 
1 181*4 
X x85*6 
ix8’5*6 
1187*4 
TXpfS 
1198*0 
X 198*3 
1203*6 

1209*2 

1210*5 

1214*9 

12x7*0 

1209*7 

1x85-8 

I 189*0 

1189-0 
1 iC8*3 
1 191*2 
1191*6 
1 190*7 
1188-8 
1 192-0 
ii93'o 
1189*6 
XI 94-2 

iiq6'o 

1195*0 

1197-9 

1196*0 

1195*2 

1196*2 

1196-5 

1197*2 

1201*6 

1203-6 

1205*2 

1209*0 

1207-9 

1209*5 

1211-7 


^J. 39'4 

1138-1 

1134*3 

■^i37'3 

it33‘<5 

ii36‘o 

ii 39 *i 

1x45*2 

ii4'6*x 

11497 

1156-6 

1160-5 

1163*4 

xi67‘9 

1x72*6 

1170*9 

II 77-3 

1179 - 6 

1180 - 3 
1171-7 

115.3-3 

1151 - 8 

1152 - 3 
1151-1 

1154 - 0 
1150-6 

1153 - 0 

1x50-1 

1x51-8 

1155 - 3 

1x56-0 

I <55-3 

1154- 9 

1156 - 4 
1 1 59-2 

1157- 3 

1 158- 9 

1162 - 0 
1 164-0 
1 164-5 

1163- 5 

1 i 68-2 
1 167-3 
1169-9 
1x71-3 
1x72-7 
1172-5 
1172-7 


+ 

1153-3 

1x47-7 
1 146*5 
1145-6 
1 143-0 
1140-6 

1138- 1 
1136-7 

1 139- 0 
1143-2 

1150-7 

1152-4 

1156-2 

1159- 8 
1x64-7 
1168*2 
1169-1 
ii 75'5 
II 75-2 
1165-4 

1164-0 
1163 8 

1163- 0 

1164- 0 

1 162 - 9 

1 163- 2 
1161*0 

1161- 9 
1x62-8 
I i6r-2 

11 6 0- 2 

1158 - 7 

1 162- 0 

1159 - 7 

1162- 8 

1163- 4 
X 163- 1 

1 164- 8 
1 164*6 
1x65*8 
1169-8 
1169-2 
1 168*2 
1171*2 
1 170*7 
1173-3 

1173*2 
1 1 74*6 


1147 - 5 
1143-9 

1142*5 
1142*9 
1 140-2 
1139-6 
1139-8 
ii46’2 

1148 - 7 

1150-9 

1155-4 

1 1 59- 1 
1164*3 
1167*8 

1172-9 

1174-6 

1177-5 

ii82‘3 

1184-7 

1179*2 

1160*9 

ir6o'4 

1x60*0 

1x60*5 

ij6x** 

X 1 61 *3 
xi6o*o 

n6o*o 
ix62*r 
I j6i*2’ 

11 6 0- 8 
ii6x*9 
ii6x*7 
1x62*5 
1 t62'I 
1163*3 
1164*8 
X 164*8 
1 1 66*9 
1 x 69*5 
1170-8 
1171*0 
1174*1 

1174 - 5 

1175 - 4 

1177-0 

1178*5 


Lieufc. Tennant at 
the micrometer mi- 
croscope : Mr. I,.ane 
at the plain micros- 
cope. 


IMaJor Strange at 
the micrometer mi- 
croscope? Mr. Lane 
at the plain micro- 
scope. 


1068*53 1145*67 1127*38 XI58-5X 1x83*29 1148*11 1148*06 X15I-84I 


January 8tli. Rained heavily this morning; 




KARACHI BASE-LINE 


TH- 


IS 


.After set No. 306 — (Continued.) 


As on page TIT. 


7 


we have 

X — {f 


62“) {E, - dEJ 



and from the preceding bar comparisons we obtain the following series of results : — 




d 



cl 

^+ 7-55 

— 381-4 = 0 

a- 6-15 { E , 

— 

^^ a )- 3^'4 = 0 

‘^+ 7 '45 


-379-3 = 0 

a— 7-10 

33 

— 33-3 = 0 

x - i - 6-8s 

3 ? 

—361-0 = 0 

a— 7-98 

33 

— 9-8 = 0 

A’-f 573 


—340-3 = 0 

a- 9-43 

33 

+ Il-O = 0 

3' 55 

3 } 

-197-3 = 0 

a— 10-10 

33 

+ 33-6 = 0 

1-53 


-159-7 = 0 

a— 10-70 

33 

+ 29-7 = 0 

4 f— 0‘40 


— 127-2 = 0 

a— 11-35 

33 

+ 36-4 = 0 

x — 6‘6o 

>) 

— ao-7 = 0 

a— 11-68 

33 

+ 41-5 = 0 

ar— 8*10 

3 ) 

4 - 5-3 = 0 

a— 13-18 

33 

+ 48-6 = 0 

9'43 

3 ) 

4- 37-1 = 0 

a— 13-68 

33 

+ 54 ”o — 0 

a?— io’83 

3 i 

+ 5 i '4 = 0 

a— 13-93 

33 

+ 57-8 = 0 

<r — 13*23 

3 ) 

4- 68-6 = 0 

a— 13-38 

33 

+ 6i-8 = 0 

^-13-33 

33 

4- 83-7 = 0 

a+ 4-55 

33 

—337-7 = 0 

ir— i 4 'a 3 

33 

+ 95'5 = 0 

a+ 4-85 

33 

— 238-3 = 0 

iP- 15*30 

33 

4 - 107-3 = ° 

a+ 4-73 

33 

— 330-8 = 0 

^ — i 6 'I 3 

33 

+ 1 17'9 = 0 

a+ 4-05 

33 

— 306-3 = 0 

i6‘83 

33 

4-134-9 = 0 

a+ 3-63 

3 * 

-178-3 = 0 

x—xj-iS 

33 

4-138-1 = 0 

a+ 1-37 

33 

-153-7 = 0 

a— 17-53 

33 

+137-8 = 0 

a— 0-13 

33 

— 138-3 = 0 

.t 4 - S’tSo 

33 

—333-3 = 0 

5‘93 

33 

— 337 = 0 

a’ 4 - 4*17 

33 

—230-0 = 0 

a— 7-30 

33 

— 16-9 = 0 

a-f 4-43 

33 

—333-1 = 0 

a— 8-35 

33 

— 0-3 = 0 

x-\- 4-53 

33 

—330-9 = 0 

a- 9-30 

33 

+ 15-3 = 0 

*’+ 4'55 

33 

—329-9 = 0 

a — 10-33 

33 

+ 39-6 = 0 

a 4 - 4-37 

33 

— 330-6 = 0 

a — 11-13 

33 

+ 41-1 = 0 

a 4 - 370 

33 

— 310-5 = 0 

a— 11-95 

33 

+ 51-9 = 0 

a-f 3-05 

33 

-197-9 = 0 

a — 13-93 

33 

+ 63-7 = 0 

a 4 - 3*33 

33 

— 185-4 = 0 

a— 13-48 

33 

+ 71-1 = 0 

a 4 - 170 

33 

-173-6 = 0 

a-13-98 

33 

+ 76-3 = 0 

a— 3-35 

33 

— 103-9 = 0 

a— 14-40 

33 

+ 76-5 = 0 

a— 3-38 

33 

- 85-7 = 0 

a- 14-55 

33 

+ 77-6 = 0 

a- 4*35 

33 

— 67*6 = 0 

a— 14-65 

33 

+ 80-7 = 0 

a— 5*30 

33 

- 53-3 - 0 

a+ 3-13 

33 

— 204-0 = 0 



BAR COMPARISONS 


YII. 





After set No . 306 — 

-(Continued.) 






d 



d 


3 ‘ 4 » 

- 

—308*5 = 0 

X - 1-35 { E ^ ■ 

~ dE ,) 

— 136-1 = 0 

a ? + 

3-57 

>3 

—313-0 = 0 

1*53 

33 

— 133-0 = 0 

^ + 

37 « 

)> 

-315-4 = 0 

X — i-8o 

33 

— 119-0 = 0 

0? + 

377 

33 

—317*1 = 0 

X — 3-08 

33 

— II3-3 = 0 

i ^ + 

37a 

33 

-ai 5'3 = 0 

X— 3*38 

33 

— 109-8 = 0 

Off + 

3-65 

33 

— 309-5 = 0 

a ‘95 

33 

— 105-5 = 0 

x + 

3 * 4 a 

33 

— 304-4 = 0 

3 'a 5 

33 

— 103-3 = 0 

x + 

3-10 

33 

—198-3 = 0 

3'53 

33 

— 97-8 = 0 

x + 

3-77 

33 

-i 93'3 = 0 

0 

1 

33 

1 

H 

II 

0 


3-33 

33 

-185-5 = 0 

x ~ 3 88 

33 

— 90-4 = 0 

X — 

0-13 

33 

-145-1 = 0 

a;- 4-15 

33 

0 

II 

p 

do 

CO 

1 

X — 

0*43 

33 

— 140-4 = 0 

X- 4-43 

33 

I 

00 

II 

0 

X — 

0-63 

33 

—136-6 = 0 

X— 4-60 

33 

— 83-9 = 0 

iJ?— 

0-95 

33 

-131-9 = 0 





And from the mean of these results, 

a: = 83-31 + 3*88 — dEJ : 

adopting the original value of the expansion of A given at page ( 9 ), 

fn.y d 

— ct.a.' 6 'j =^ 17 - 630 , 

d m.y 

and X — 13171 — 3*88 dE^ = 195*08 — 3*88 dE^ = l - A. 
Proceeding as on page VII we obtain : — 


In terms of 

A - L 

B -L 

C - L 

D-L 

E - L 

H-L 

Micrometer divisions. 

—6*17 

—34-46 

4-6-67 

+ 31-45 

-3-73 

1 

03 

00 

Millionths of a yard. 

-7-93 

-31-45 

■48-58 

+40-44 

—4-80 

-4-86 

Also the following. 


» m,y ^ ^ 

A - A = 145-54 ~ 3-88 rfJS?„= 187-15 - 3-88 D - A = 183-16 - 3-88 dE ^ = 335-53 - 3*88 dE 

B - A = 137-35 - = 163-63 - „ E - A = 147-98 - „ = 190-38 - “ 

C - A = 158-38 - „ = 303-66 - „ H - A = 147-93 = 190-33 - " 

and 6 a? = 1170-5 — 33-3 dE ^. 





VIL 


‘14 


KARACHI BASE-IINE 


Comparisons "between the Standard Bar A and the Compensated Bars A, Bj Cj Dj made 

at the North-End of the base-line, after the measurement. 


1855 

Jany. 

Mean of the times of observing A 

i ^ 

S 0 

Ph p 

i 1 

!§ i 

Corrected mean temperature of A 


Miobo 

I PiTisi 

M:E TEB 

1 

Eeapii 

ras IB 

ncli [ 1 . 8 ], = 

Ditisiobs 

1*2841 m.y, of A 


Ebmabes 

" 21620*18 

Mean 

A 

A 

B 

c 

D 

E 

H 

Mean of the 
eomjxensated 
bars 


m. 

0 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


25 tli 

7 39 A-M 

1 547 

54‘45 

867-6 

1135-5 

1130*0 

1154-6 

1177-4 

1135-3 

1152-0 

1147-5 

Majol' Strange at 


8 6 

2 57 -a 

54-45 

873-3 

I 142*2 

1129*9 

1155-8 

1175-0 

1141*2 

1151*1 

1149*2 

the micrometer mi- 
crosc-ope; Mr. Kee- 


8 30 

3 < 5 o 7 

54-98 

885-5 


1127*9 

115^-5 

I 173*0 

1139-5 

1145-5 

1146*3 

kin at the plain mi- 


8 49 

4 <53-4 

55-78 

898-5 

1135-1 

I 123*9 

1 151-0 

I 170*0 

1135-a 

I 144*2 

1143*2 

croscope. 


9 7 

5 657 

56*80 

918*6 

1 129*8 

1117*1 

1 149-5 

I 169*0 


1 1367 

1139-3 



p a6 

6 68-1 

58-18 

944-1 

1126*9 

1114-5 

1148-3 

1167*0 

1133*0 

1131-8 

1136-9 



9 49 

7 70-9 

59-93 

974-3 

1 126*2 

I 109*0 

1147-0 

1164*6 

1131-9 

1127-5 

1134-4 



II 9 

8 74-3 

66*40 

1078-9 

1113-8 

1103*5 

1153-9 

1167-8 

1133*2 

iiiS'i 

1131*6 



II 19 

9 75-0 

<> 7 -i 5 

1092*9 

1 1 ii*i 

1102*8 

1 154-8 

I i68*o 

1135-1 

1121*8 

1132*3 



II 31 

10 75 '6 

67-90 

1 1 06-8 

1 112*2 

1105-3 

1154-7 

1169*6 

ii 35 ‘i 

1 121*0 

1133*0 



IT 46 

II 76*2 

68-68 

1119-8 

1114-9 

1107*7 

11587 

1170*9 

I 138*0 

1125-2 

1135-9 



II 58 

12 76*6 

<59-35 

1130*1 

I ii8*o 

1 107*0 

1158-9 

1 172*8 

1139-3 

1125-5 

1136-9 



0 9 P. 31 . 15 707 

<59-93 

1139*6 

1 122*1 

1110-5 

1159-0 

1171-8 

1139-4 

1126*6 

1138-3 



0 ai 

14 76-9 

7 <i -55 

1150-8 

1126*6 

1 1 1 1 *9 

ii6o‘5 

1178-3 

1141-9 

1X31*1 

1141-7 



0 33 

15 7^>-9 

71-15 

ii6r*i 

T 128*2 

1114-8 

1164-6 

1177-8 

1145-5 

1134*0 

1144*2 



0 46 

16 77*2 

71-73 

1171*3 

I 130*0 

1117*8 

1165*9 

1179-5 

1147-5 

1135-5 

1 146*0 



0 59 

jt? 77-5 

72-33 

1 181 *5 

X 154*0 

1120*1 

1 168-7 

1182*0 

1149*0 

JJ 59*4 

1148-9 



I 12 

18 77-8 

73-88 

1190*7 

I 138*2 

11 < 13 ‘5 

ii7o'o 

1 i86*o 

1154-5 

X 144*8 

1152*8 



^ 34 

19 77-9 

73-78 

1208*2 

I 142*1 

1124*8 

1173*0 

1187*8 

1156*1 

1 148-6 

1155-4 



I 49 

20 78*4 

74-35 

12 19*1 

1 146*1 

1130*8 

1177*4 

1193*5 

1162*6 

1150-3 

ii6o*i 



a 4 

ai 78‘9 

74-90 

1229*8 

I 148*0 

IJ3.ro 

1178*2 

ii 95'8 

1162*0 

11527 

I i6i*6 



a 16 

22 78*8 

75-38 

1237*1 

1 150*4 

JJ 37'9 

I i 8 o *2 

xi(Js ^9 

ii66'8 

1155-9 

1164-5 




23 78-5 

75-73 

1244*0 

1x54*0 

1140*9 

1 180*2 

1 199*0 

1164*0 

1157-5 

1 165*9 



2 40 

24 78'4 

76*08 

1250*7 

1 158*2 

1143*6 

1185-5 

1201*2 

1167*3 

j 163-5 

1169*7 



a 5a 

25 787 

7 < 5-45 

3 256*0 

1 160-5 

1146-5 

1187-1 

1^05*5 

1 172*0 

1163-9 

1172*6 



3 8 

26 79*0 

76-73 

1260*7 

1160-5 

1153-0 

1191-4 

1205*7 

1x74-8 

1167-9 

1175-4 



3 a8 

27 79 * 5 : 

77-08 

1267-3 

ii6i'i 

1151-3 

1193-3 

1209*0 

1174-8 

1169*7 

1176-4 


26th 

<5 4i;a.m. a 8 33 ‘4 

54-70 

870-8 


1125-3 

1140-3 

1169*1 

1135-6 

1153-1 

1143*1 

Liont. Tennant at 


1 15 

29 53'<5 

54-48 

867-4 

1136*3 

1125*6 

1143-6 

1167*1 

1133-4 

1151-2 

1142*7 

the micrometer mi- 
croBcope ; Mr. Kee- 


7 2,0 

30 547 

54-38 

865-0 

1136*4 

1123*3 

1143-3 

1x71-6 

1130-4 

1149-9 

1 142 -3 

lan at the pJain mi- 


7 4a 

31 5 < 5 ‘i 

54-35 

866-0 


1124*6 

1143-3 

1170*1 

1129-9 

1149-3 

1141*8 

cro scope. 


7 55 

32 37'8 

54-45 

869-3 

iJ 35'9 

1118*3 

1140-3 

ii66*8 

1135-4 

1145*1 

1x40*0 



0 ^ 

33 59‘'5 

54-78 

876-3 

1 129*6 

iii8*9 

1136-8 

1166*2 

1135-^1 

1 140-3 

1137-8 



8 a3 

34 < 3 r 7 

55-33 

888-6 

1127*3 

1113*2 

II42-7 

1163*4 

1131-7 

1139-7 

1136-3 



8 46 

35 < 54’3 

56-35 

907-4 

1122*3 

1108*4 

1137-4 

JJ 59‘4 

1128-0 

1133-6 

1131-5 



8 59 

3 <5 63-5 

57-10 

917-9 

1119*8 

1107*7 

1137-0 

1158-3 

1127-8 

1131-7 

1130-4 



9 11 

37 < 5 < 5-4 

57-85 

931-1 

1 117*9 

iio6*9 

1137-3 

1157-1 

1127-8 

1138-7 

1129*3 



9 24 

38 67-a 

58-70 

947-7 

xii6*7 

1104*2 

1136-4 

1155-4 

1125-4 

1135-0 

I I 27'*2 



9 37 

39 68-a 

59-65 

964-0 

1116*4 

1103*8 

1 134-2 

1156-1 

1129*3 

1135-3 

1127-5 



9 51 

40 69*4 

60-50 

977-9 

1114*2 

1104*8 

1134-4 

1159-6 

1 130-0 

1135-4 

I 128*1 



10 47 

41 737 

64*50 

1046-6 

I jio*3 

1103*2 

1 140-9 

•1161-3 

1129-0 

11x7-4 

1127*0 



11 0 

42 74‘4 63 -45 

1063-5 

1109*3 

1100*0 

1144-9 

ii6a-o 

1127-2 

1117-8 

1126*9 





BAR COMPARISOITS 


After the measuremmt — (Ooniinued.) 


Miokometeb Beadings in Ditisions 

1 Division = _J_Cary’s Inch [7.8], = 1*2841 m.y. of A 


Eemaees 


A A B C D E H 


i s 
1 1 

S g • 



m. 


0 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1 1 

13 a.m:. 

43 

74-8 

66*33 

1077*9 

1 1 06' 3 

1098*0 

1^44-3 

((59-9 

1133-3 

iii8*4 

1136-5 

II 

^6 

44 

75‘3 

67*18 

1091*8 

1109-4 

. 1101*5 

1144*4 

1163-3 

1133-3 

iii8*6 

1138-4 

11 

37 

45 

75-9 

68*00 

1105*4 

1111-5 

i 1 01*4 

1144*1 

ii6i-8 

1133-9 

1118*7 

1138-6 

II 

6^ 

46 

76-3 

6870 

1118*6 

111.3-7 

1103*4 

1148*0 

1164-5 

1133-0 

11 19*2 

1130-1 

0 

3 P.M. 

47 76-6 69-43 

1133*0 

1115-6 

1103*4 

1148*1 

1163-8 

1136-7 

1124*3 

1131-7 

0 

^6 

48 

77-0 

70-^5 

1145-8 

H15-1 

1105*6 

1150*8 

1167-9 

1136-1 

1125*8 

1133-6 

0 

29 

49 

77‘5 

71-00 

1156-8 

1119-4 

1103*8 

1 1:49*1 

1166-0 

(I35-<5 

1127*8 

(I33-(5 

0 

42 

60 7«*2 

71-70 

11(59-4 

1117-7 

iio8*3 


1170*1 

1139-3 

1130*1 

1136-1 

I 

10 

51 

79-2 

73-15 

1301-9 

2^135-0 

1123*0 

1163*0 

1182*7 

1153-7 

1140*6 

((49-5 

X 

22 

5^ 

79-5 

73-83 

1314*1 

((135-5 

1122*7 

1 169*5 

1183*6 

1154-6 

1141*1 

1151 -3 

1 

36 

53 

79-3 

74-53 

1335-7 

11-37-3 

1125*2 

1172*0 

11 86*2 

((5'5-5 

ii44'6 

1 153 -(5 

1 

6i 

54 

79-1 

75-10 

12-35-5 

1139-9 

1130*0 

1175-8 

1191*6 

1159-6 


((57-7 

2 

6 

55 

79-3 

75-70 

3245-9 

1146-4 

1133*9 

II 81-0 

1195*0 

ii(Si-7 

^^537 

1162*0 

2 

21 

5(5 

79-8 

76-25 

i^ 5(5-5 

1153-8 

1139*9 

1183-0 

1 203 ‘3 

1167-7 

1159*1 

1167-5 

2 

36 

57 

8o’o 

76-70 

1266*1 

1(57-4 

1145-6 

1184-3 

i2o8‘5 

((74-3 

1162*7 

II73'I 

2 

49 

58 

8o*o 

77-13 

1273*2 

1160-7 

1149-4 

1188-4 

I2 o 6*2 

■”75-7 

((<55-3 

(174-.3 

3 

2 

59 

80*1 

77-45 

1378-7 

1163-3 

1150-5 

iigv6 

1209*3 

1175-0 

1169*2 

1176-5 

3 

^6 

60 

8o*2 

77-73 

1284*0 

1164-0 

1151*8 

1191-5 

1212*4 

1177-4 

1x70*1 

T177-9 

3 

26 

61 

80*1 

78*00 

1288*9 

11688 

(i 5‘5-3 

1193-6 

1209*2 

1178-4 

1170*1 

1179*2 


38 A.M. 

5 

ay 

II 

38 

8 

aa 

3<5 

49 

7 P.M. 

30 

48 

I 

3S 

49 

r 

17 

37 

57 

la 

a 4 


( 5 a < 5 i ’8 
6.3 64-6 
64 66'7 
63 69-4 
66 72*0 

<57 73 - 5 ' 
68 74'2 

69 74-9 

70 79-a 

71 79‘3 
7a 797 

73 79'9 

74 8o'o 

75 8 o '5 
7<5 807 

77 80-4 

78 8i'o 

79 8i-a 

80 8j-i 

81 80-9 
8a 8 o-_5 

83 80-3 

84 8o'i 

85 79'8 


95 1 ‘5 
962*8 
978-9 
1002*9 
1026*2 
1046*8 
1064*3 
1080*0 

j 17.3 *9 

it88*7 

I20T‘6 

1213*8 

I229'9 

^^47‘6 
1239*3 
1266*8 
1283*6 
1290*7 
1296*0 
1301*0 
1307*6 
13 12*2 
13 T2*8 
1312*6 


1130*6 
1151*4 
II ko'8 

1147*6 

1146*6 

1143*1 

iH3‘9 
1147*1 
ii‘57*3 
^167*6 
1 169*6 
1162*8 
1167*8 

1171*3 

1172*4 

1173*1 

1172*8 

1174*0 

1174*6 

j 178*6 
1182*3 
1 182*5 
1182*2 
1185*6 


1136*0 

^^ 39*6 

1133*6 

1133*0 

1130*9 

1130*3 

113 1*6 
1129*6 
1139*9 
1142*1 
1143*0 
1146*3 
^Jf 6 o *6 
^i 56 *<^ 

II <8*0 

^ 167*6 

ii6i*6 

ii6i*i 

1163*9 

1167*0 

1170*0 

1171*7 

1172*9 

1177^2 


1157*1 

1167*0 
1^56*0 
ii65*i 
^ 164*9 
1157*1 
1156*0 

ii 6 i *8 

1184*9 

11861 

1190*0 

1191*0 

1x96*0 

1197*9 

1201*2 

1200*0 

I2o6*8 

1205*0 

1208*1 

I2o8*2 

I2o8'6 

1212*8 

1215*0 

lai^-S 


ii86’o 
1 1 82*9 
ii8o*i 
1181*7 
1184*0 
1185*8 
1 185*0 
1183*8 
1^03*5 
1205*1 
1208*5 
12 10*3 
1213*8 
I 2 i 6‘3 
i2i8'4 

1217*7 

1222*3 

1224*1 

1222*9 

1225*0 

1226*8 

1230*8 

1232*4 

I 23 J:*i 


1148*0 
1147*7 
1149*0 
1146*8 
1 148*0 
1 150*0 
1149*8 

1151*3 

ii6yg 
1170-8 
ii75‘3 
1174-3 
1 1 80-0 
ii84'i 

1 186- 8 
1184-6 
1 1 8(5-3 

1187- 4 

J 1 86*7 

1 192*0 
1193*0 
1 195*0 

1197 - 8 

1198 - 5 


1161-3 
1 158(5 

1153-1 

1^53-0 

Il^O-O 

11481 
II jo-6 
1151-0 

1158-3 

ii6o*3 
1162*4 
ii6r4 
1169*0 
1173*8 
1173*0 
1174*0 
1178*8 
1176*8 
1177*9 
ii8o*i 
1184*0 
I j86*7 
1184*8 
1 1 86*3 


”5<5-5 

1156*2 

1 153 ‘<5 

IIJJ 3-9 
II >;a'4 

1153-4 

1153-8 

J154-1 

1168-6 

1170-3 

1173-1 

1175-0 

“79-5 

ii83-i 

1185-0 

1184*6 

ii88*i 

ii88*j 

1 189*0 
1191*8 
JI94-I 
1196*6 
1197*5 
1199*1 


Major Stranprc at 
tho micrometer mi- 
croscope; Mr. ICee- 
lan attlio plain mi- 
croscope. 


Wind strong but; 
not cold. j 

N.E. wind. I 

Cloudy. ! 


Means 


1117-63 1141*52 1129*20 1167*25 1186*36 1153*26 1148*22 1154*30 



VII 


i 6 


KARACHI BASE-LINE 


After the measurement — (Continued.) 

As on page VII ^ we have 

a; - (f - 62 “) (E^ - - 8 = o 

and from the preceding bar comparisons we obtain the following series of results :• 


d 


T 55 { E „ 


dE ^)^' i ' 7 g '9 ~ 0 

a + 7*55 


0 

1! 

0 

1 

a?+ 7'oa 


— 35 o -8 = 0 

a?-l- 6 ‘az 

^.1 

—344-7 = 0 

x-h 5 '%o 


—330-7 = 0 

a?+ 3‘8a 


— 193-8 = 0 

a? 4 a’oy 

y > 

— i6o-i = 0 

a?— 4’4o 

yy 

0 

II 

1 

5 'i 5 

yy 

- 39-4 = 0 

X — 5*90 

yy 

— 36-3 = 0 

6-68 

yy 

— 16*1 = 0 

a?- 7*35 

yy 

- 6-8 = 0 

a?- 7'93 

yy 

4 1-4=0 

do 

1 

yy 

4 9*1 = 0 

cr- 9*15 

yy 

4 i6*9 = 0 

a?- 973 

yy 

4 35-3 = 0 

a?— 10‘33 

yy 

4 3^'^ == 0 

a?— 10-88 

yy 

4 37-9 = 0 

a?— 11*78 

yy 

4 53-8 = 0 

a?--i '^*35 

yy 

4 59-0 = 0 

a?— i'?-9o 

yy 

4 68-3 = 0 

af- 13-38 

yy 

4 ' J ( 2,'6 = 0 

a?- 13-73 

yy 

4 78-1 = 0 

14-08 

yy 

4 81-0 = 0 

ar- 14-45 

yy 

4 83-4 = 0 

14-73 

yy 

4 85-3 = 0 

»— 15-08 

yy 

4 9®"9 ~ ® 

0/4- 7-30 

yy 

—373*3 = 0 

a? 4 - 7-52 

yy 

-375-3 = 0 

a ?4 7 * 5 a 

yy 

-377-3 = 0 

a?4 7-65 

yy 

0 

1 ! 

CO 

^T 

1 


d 


7*55 

, — 

djBJ— 370*7 = 0 

X + 7*33 

yy 

—361-6 = 0 

a ?4 6-67 

yy 

-3477 = 0 

a - 4 5-65 

yy 

—334-1 = 0 

a ?4 4-90 

yy 

—313-5 = 0 

x+ 4-15 

yy 

— 198-3 = 0 

a ?4 3-30 

yy 

-179-5 = 0 

a? 4 3-35 

yy 

-163-5 = 0 

a ?4 1-50 

yy 

— 150-3 = 0 

a?— 3-50 

yy 

— 80-4 = 0 

3’45 

yy 

— 63-4 = 0 

af- 4-33 

yy 

— 4^*6 = 0 

CO 

1 

yy 

— 36-5 = 0 

a?— 6-00 

yy 

— 33-3 = 0 

a?— 6-70 

yy 

— 11-5 = 0 

a?- 7-43 

yy 

4 1-3 = 0 

X— 8-35 

yy 

4 12'Z = 0 

a?— 9-00 

yy 

4 33-3 = 0 

a?— 9-70 

yy 

+ 33*3 = 0 

a?— 11-15 

yy 

4 53-4 = 0 

a?— 11-83 

yy 

4 63-9 = 0 

a?- 13-53 

yy 

4 73-1 == 0 

a— 13-10 

yy 

4 77 ’^ ~ ® 

® — 13-70 

yy 

4 83-9 = 0 

ar— 14-35 

yy 

4 89-0 = 0 

a?— 14-70 

yy 

4 94*0 = 0 

a?- 15-13 

yy 

4 98-9 = 0 

ar- 15-45 

yy 

4103*3 = 0 

a;- 15-73 

yy 

4 106*1 = 0 

a?— i6-op 

yy 

4109-7 = 0 

*+ 3*55 

yy 

— 305-0 = 0 



BAR COMPARISONS 


After the measurement — (Continned.) 


i)?+ 2-92 (2J« 


a 

-i 93'4 

= 

0 

a?- 13-13 

— 

d 

dE ^ + 64-4 

= 

0 

X + 2*00 

S 3 

-174-7 

= 

0 

a?-i 3-73 

33 

+ 74‘3 

= 

0 

a?+ 0-75 

33 

-150-0 

= 

0 

a?— 14-18 

33 

+ 82-3 


0 

0-45 

33 

— 126-2 

= 

0 

a?-i 5-23 

33 

+ 95'5 

= 

0 

a?- 1-45 

33 

-105-6 

= 

0 

a?- 15-58 

33 

+ 102-6 

= 

0 

X — 2-40 

3 ) 

- 88-5 


0 

a?-i 5-93 

33 

+ 107-0 

== 

0 

3’35 

33 

~ 74 - 1 ^ 


0 

a?— 16-23 

33 

+ 109-2 

= 

0 

do 

1 

33 

+ 5’3 

== 

0 

1 

33 

+ 113-5 

= 

0 

a?- 9-63 

33 

+ 18-4 

= 

0 

.-p— i 6 - 7_3 

! 

33 

+ 115-6 

= 

0 

a?— 10-45 

33 

+ 28-5 

= 

0 

a?— 16-80 

33 

+ iiS ‘3 

= 

0 

a?— 11-20 

33 

+ 38-8 


0 

a?— 16-85 ■ 

33 

+ 113-5 


0 

a? — 12-13 

33 

■+■ 5° '4 

= 

0 







And from the mean of these results, 

d 

X = 36-67 + 6-^7 — dEf ): 

adopting the original value of the expansion of A given at page ( 9 ), 

m.y (I 

K = aa-67 = 17-654, 

d m.7/ 

and a; = 147-36 — 6-27 dE ^ = 189-22 — 6-27 = L — A- 


V TT 

.X 



Also the following; 

d ' m.y 

A -- A = 134-58 — 6-27 dE ^ = 172-81 — 6-27 dE ^ D 

B — A = 122-26 — = 156-99 — E 

C - A = x6o-3i - = 205-85 - „ H 

m.y 

and 6 a; — 1135-3 - 37-6 £?A;,. 


d m.y 

~ A = 179-42 — 6-27 dE ^- 230-39 — 6-27 dS ^ 

- A = 146-32 - „ = 187-88 - „ 

- A = 141-28 _ = 181-41 _ 




KARACHI BASE-LINE 


TH- 


IS 


Pinal deduction of the total length measured with the compensated bars. 


IVom page VII_ the excess of the 6 compensated bars above 6 times A 

^ before the measurement J 

„ after set No. 306 


3 } 


VII_ 

VII_ 


-13 




-17 


m.y 

1 344-5 


1170-5 

1135-3 


after the meas-urement 

Therefore the mean excess ,, applicable to sets Nos. i to 306 = 1307-5 

and ,, « applicable to sets Nos. 307 to 613 = 1153-9 

Also the mean length of a set of 6 compensated bars in feet of the standard,! 

corrected for error* in the thermometer read- >• = 60-0033940 ^ 
ings, apjjlicable to sets Nos. i to 306 J 


- 50-5 dMa, 

■ 23-3 

37-6 dE , 

■ 3^-9 
• 30-5 


a 

r 

a 


and 


applicable to sets Nos. 307 to 613 


= 60-0033303 ^ 


Hence the total lengths measured with the compensated bars 






feet of A 


in sets Nos. 

I 

to 

15^ 

= 93 ^’o- 5 a 95 - 

■ 5335 dEa, 


357 

to 

306 

= 9000-5091 — 

■ 5035 dE^ 


307 

to 

457 

= 9060-4878 — 

■ 4093 dEf^ 

>i 

458 

to 

613 

= 9360-5039 - 

■ 4338 dEa, 


I 

to 

^13 

= 36783-0303 - 

- 18570 dE^ 


No-w the mean temperature of A during the bar comparisons before the measurement and after set 
3 3° '5 

No. 306 vas 63° -f — = 67°-6, for which temperature the corresponding expansion of A from page ( 19 ) 
= 31-683 m.y. Also the mean temperature of A during the bar compari.sons after set No. 3o6%nd after 
the measurement was 63° 4- = 66°-5, for which temperatm-e the corresponding expansion of A from 

page ( 19 ) = 31-676 m.y. Comparing these values of expansion with the original value = 33-67 m.y, used in 
the foregoing J it is found that dE^^ = -|- 0-987 m.y, for sets Nos. i to 306, and = 4- 0-994 m.y, for sets 
Nos. 307 to 613. Substituting for dE^ respectively these numerical values, there result, 


Total lengths measured with the compensated bars 


in sets Nos. 




I to 156 or S. End, 

to Stn. A 

feet 

= ( 9360-5395 " 

of 

’OI55) = 

A 

9360-5140 

^57 ■*'0 306 or Stn. A, 

to Stn. B 

= ( 9000-5091 — 

-0149) = 

9000-4943 

307 to 457 or Stn. B, 

to Stn. C 

= ( 9060-4878 — 

•0133) = 

9060-4756 

458 to 613 or Stn. Cj 

to N. End 

= ( 9360-5039 - 

-0136) = 

9360-4913 

I to 613 or S. End, 

to N. End 

= (36783-0303 - 

•0553) = 

36781-9751 


Appendix No. 8 of this volume, that a correction of — 0^*56 is due to the mean thermometer readings of the 
naard bar A at the Karachi buse-line, Ihe linear value of this correction for a set of 6 bars = — 6 x 0-56 

-0002285 fo + 3*4 



kahachi base-line 


TII__ 

^9 

Comparisons leiween the Compensated Microscopes and their Q-inch brass scales during the 
measurement^ and provisional determination of Microscope e7'ro)‘s toith respect to the Q-inch 
brass scale A, expressed in millionths of an mch (m.i. i 


When compared 

1854,-55 

Microscope. 

Scale compared with. 

Corrected temp era- 
toe. 

^ CD fM 

B 0 II 

5 g f^ 
XJ'w 11 

0 D 0 

P etJ rH 

^ s. 

A ^ 0 

Microscope 

Microscope Scale. 

Micros : Scale — A, 
at 62 ° rah. 

Micros : — Scale A, 
at 62 ° Tab. 

Ubserpecl imhie hi 
tes'ms of 


Eeference 

number. 

Bivisioris 

10000 

m.i. 

December 

5 tb 

Before the measure- 

S' ^ 

T 

6 yo 8 

+ 193 

+ a ‘60 

4- ado 

~ 97 

+ 355 

I 



ment. 

If 

If 

6679 

399 

0-65 

^5 

21 

343 

2 




0 

U 

81 - 4 ^ 

1317 

— “25 

— “5 

+ 383 

A 375 

3 


6tli 


Jf 

N 


— 447 

+ 9 ‘<53 

+ 9^13 

363 

879 

4 


4 tlx 


M 

R 

7878 

4- 1049 

— 3*67 

267 

93 

875 

5 • 


5 th 


P 

P 

8o*i6 

“36 

0*00 

0 

35° 

1483 

6 




N 

S 

77'34 

959 

+ 2‘37 

+ 237 

- 75 

XI 2 X 

7 


15 th 

Between sets No. 

T 

T 

74 ‘ 2 ,'i 

-4 763 

~~ 2*27 

. 227 

- 97 

■+ 44^ 

8 



and 85 . 

M 

M 

n'9^^ 

748 

O'OO 

0 

2 X 

737 

9 




0 

ir 

77-20 

95° 

+ X *20 

+ 120 

+ ^83 

1353 

10 




N 

N 

76-43 

901 

0*00 

0 

353 

1264 

XI 




R 

R 

7 A«^ 

86.3 

0*00 

0 

93 

95^ 

X 2 




R 

F 

76-42 

901 

x-67 

167 

350 

1418 

13 




S 

8 

75 ‘ 7 i 

B57 

1-47 

147 

- 75 

939 

14 


2lBt 

Between sets No. 

T 

T 

79'°5 

+ 1065 

— 3*20 

— 520 

— 97 

4 " 44 

15 



156 and 157 . 

M 

If 

Bo-33 

1146 

2*67 

267 

21 

858 

16 




0 

U 

79‘55 

1103 

O'OO 

0 

4 “ s 8^3 

1386 

17 


# 


N 

N 

8 o’o 5 

1X28 

3-37 

327 

353 

1x64 

18 


fP 


R 

R 

79- n 

1069 

O’OO 

0 

93 

1162 

19 




P 

P 

79-J9 

XO74 

O'OO 

0 

35 ° 

J424 ; 

20 




S 

8 

1917 

1086 

0*00 

0 

_ -5 

lOII 

2 X 


30 th 

Between sets No. 

T 

T 

79‘88 

+ III8 

— 4'oo 

— 400 

- 97 

4“ 621 

22 



306 and 307 . 

M 

M 

80*19 


4 'h 5 

415 

31 

7or. 

23 




0 

IT 

19'^S 

1103 

O'OO 

0 

+ 283 

1386 

34 




F 

N 

79-43 

1088 


3 '53 

353 

1088 

25 




R 

R 

79 ' 9 i 

1 1 19 

i'7o 

170 

93 

1042 

26 




P 

P 

80-39 

IJ 43 

0*00 

0 

350 

H93 

<^7 




S 

8 

80*17 

1x36 

0-00 

0 

“ 15 

1061 

28 

Jahuary 

IGth 

Between sets No. 

T 

T 

1715 

+ 959 

O'OO 

0 

- 97 

+ 862 

39 



'165 and 466 . 

M 

M. 

171° 

95<5 

- 2*i8 

— 218 

21 

717 

30 




0 

If 

76*10 

881 

+ 1*28 

+ 128 

4- 283 

J292 

3 r 




N 

IT 

77-43 

9^^3 

0*00 

0 

353 

.1326 

3a 




N* 

IT 

77-43 

9<53 

0*00 

0 

353 

1326 

33 




R 

R 

76-38 

899 

4*00 

400 

93 

139^ 

34 




P 

P 

76-44 

903 

4*93 

493 

350 

1745 

35 




P* 

P 

77-19 

949 

4*80 

480 

35° 

^779 

35 




S 

8 

76-91 

932 

3'07 

3°1 

- 75 

1164 

37 


* These microscopes were comi>arod a second time, bccauao they wore adjusted after the first comparison . 
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"’ao 

Microscope Comparisons — (Continued.) 



QJ 

p.1 

^ rH 

■| 

loS 

CD 

® . 

F>h S « 

Microscope 

Microscope Scale. 


Micros : - 
at62‘ 

- Scale A ; 
‘Fall. 


- — 

i 

O 

QD 

u 

1 

CD 

1 

CD 4 ^ 

4 .^ 

o. 

1 ot 

i 

‘m II 

Observed value in 
j terms of 

- CO 

52 jj 


8 

a S 

3 

L854 j -55 


03 

O 

D2 

CD 

i 

o flo, 
cc H 

9 M o 

Divisions 

10000=1". 

wi. 

0 ir 

1 

m,L 

s-s 
«s I 

January 22nd 

After the measure- 

T 

T 


+ 673 

+ 0-77 

+ 77 

- 97 

+ 633 

38 

„ 24:th . 

ment. 

M 

M 

‘] 6-66 

916 

— 1.40 

— 140 

ar 

755 

39 



0 

U 

j 6 - 6 s 

916 

+ 1-23 

+ 123 

+ 283 

133a 

40 



N 

N 

78 -. 3 a 

1020 

O’OO 

0 

3 <53 

1383 

41 



li 

M 

77 ’45 

9*55 

— 0*90 

- 90 

93 

968 

43 

„ 23rd 


P 

P 

7979 

n la 

0*00 

0 

350 

146 a 

43 

,, 24:th 


S 

S 

7^5-17 

886 

O’OO 

0 

- 75 

811 

44 


The required combinations of individual microscope errors taken from pages VII and 

VII_ , are expressed as follows ; ^ ^ 

U/O 


J^eJ^erenoe mimlers, m.L mean temp : 


«i = 

3 

+ 

3 

+ 

4 

4 

5 

4 

6 

4 

147 

2 

= -h 

5696 

at 

(63 

( 

4 10' 

’21) 


before the measurement. 

eg = 

9 

+ 

10 

+ 

It 

4 

13 

4 

3 f 3 

4 

8+14 

2 

= 4 

6403 

at 

(62 

413' 

•80) 

CD 

rcj 

between sets 

84 

& 

85 

Cg = 

16 

+ 

17 

+ 

18 

4 

^9 

4 

30 

4 

15 + ai 

2 

= 4 

6734 

at 

(62 

417' 

■59) 

a 

02 


156 

& 

157 

= 

23 

+ 

34 

+ 

25 

4 

26 

4 

37 

4 

22+'28 

2 , 

= -f 

<5551 

at 

(63 

417 

•93) 

0 

02 

■§ 

P 4 

}} 

|P <5 

<b 

307 

'^5 = 

30 

+ 

31 

4 

32 

4 

34 

4 

35 

4 

29437 

2 

= + 

7485 

at 

(63 

414 

•80) 

a 

0 

0 

?> 

4<55 

& 

466 

Cg = 

30 

+ 

31 

+ 

33 

4 

34 

4 

3<5 

4 

29437 

2 

= 4 . 

7519 

at 

(62 

4 14' 

92) 

a 

0 


do. 


Cy = 

39 

+ 

40 

4 

41 

4 

43 

4 

43 

4 

38444 

2 

= + 

6613 

at 

(63 

4 iA 

' 20 ) 


after the measurement. 


And from the foregoing, we obtain the following equations for the microscope errors 
per set (or m.e.') ; where dE expresses the error in the adopted value of the expansion for the 
6-inch scales. 


(m.e.)i = 

^1 H 
2 

m.z. 

== + 6ojo — 

6 X 13-01 dP applicable to sets Nos. i to 84 

(m.e.)3 = 

(^2 4" 

3 

= + 6564 — • 

6 X 15-70 dP 

J? 

„ 85 to 156 

II 

4 «<!, 
2 

= -j” 6638 — - 

6 X 17-76 dP 


„ 157 to 306 

(m.e.)4 = 

^ 4 + 

Cl, 

I 

00 

l-t 

0 

4 

II 

6 X 16-36 dP 

?? 

„ 307 to 465 

II 

h + 7 
2 

1 

VO 

0 

+ 

II 

6 X 15-06 dP 

?7 

„ 466 to 613 
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Microscope (Continued.) 



Hence the total microscope errors are as follows : — 

* 

fBet of A 

In. sets Nos. i to if56 = S = 508200 — 5053 — 0'0434 — 

t 72 = 473608 - 5783 dE = 0-0394 - 


6053 dE 
6783 dE 


Sum = o-o8i8 - 13835 


3 ) 


33 


•33 


157 to 305 = 150 (»i.e)3 = 995700 - 15984 dE ~ 0-0830 - 1 5984 dE 


307 to 457 = 151 {jrt.e)^ = 1059718 - 14833 dE ~ 0-0883 - 14822 dE 


458 to 613 = 


8 {m.e)^ = 56144 - 785 dE = 0-0047 

148 (m.ejj = 1045768 — 13373 = 0-0871 


- 785 dE 

- 13373 dE 


Sum = 0-0918 ~ 14158 dE 


Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally ; {.e. in terms 
of the e-inch brass scaled But from page ( 31 ), we have 2 A = 1-0000193 ^ value in 
1835 . Also the co-efficient of expansion for brass, has been taken at 'ooo,oio,4i77n the fore- 
going reductions, whereas it appears trora page ( 17 ) that -000,009,855 is a more probable value 
Accepting the atter, it may be found that dE = 3-373 {m.i.). Hence, remembering that the 

length measured with a set of microscopes is equal to 3 feet of A -f the correspondino- (me) 
we have, ^ i - /» 

Total lengths measured with the compensated microscopes 


In sets Nos. i to 156 ) 
or S. End, to Stn. A J 

1 

/ feet of A ^ 

1 156X 3 -f -0818 j 

1 A 

[ - 12835 dE = ( 468-o9o8--oo36)= 468-0872 

„ 157 to 306 1 

or Stn. A, to Stn. B j 


j 150 X 3 4 - -0830 j 

- — 159840?.^ =: ( 45o-o9i6~-oo45)= 450-0871 

1 

„ 307 to 457 ] 

or Stn. B, to Stn. C J 


[ X 3 + '0883 ] 

- — 1482a dE =.[ 453-0970— '0042)= 453-0928 


„ 458 to 613 1 

or Stn. C to N. End J 


^i 5 < 5 x 3 4 * -0918 j 

[ - 14158 dE ={ 468-1008—0040)= 468-0968 


„ I to 613 ] 

1 


/ r Q 0 /I * \ „ 0 _ . ^ 

or jLtta 10 IN . J34nci j 
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VII— j,A 


DETAILS OF THE MEASUEEMENT. 


Disposition of the lars and microscopes during the measurement. 

^acli set in the base-line was invariably measured with 6 bars and 7 microscopes, whose 
order of^ succession was as follows 


Bars. 


A, B, C, D, E, H. 


Microscopes. 

4T, M, P, N, R, P, iS. 


ExtractSs from the Field Booh of the measurement, and calculated heights of sets above the origin,. 

Adopted heights above mean sea level. 

'it South-End (origin) = 46*4 feet. 

North-End (terminus) = 204'4 feet. 



! 


• .g- 


o 

>■ 


■s 



o 

Deo. 

CQ 

1 

1 
■ P-t 

Moan time of 

03 

•I.C 

<3J { 

co-j 

1854 

, 6^'-- 

ending 

•Si 



B 


•1’ 


»■ 



w 


Moan time of 
oxiding 


Moan time of 
ondiug 


I,! i 


0 

A. 

m . 



11th 


0 

A. 

m . 

feet 



0 

h . 




7 th, 

I 

00*4 

6 

40 

A.M, 

+ 1'2 

29 

72*0 

7 

33 A.M. 

■ 4 - 5-6 

13 th 

57 

83 ‘o 

0 

39 

P.M, 

+• 12*2 


2 

7 yr 

7 

50 


f 5 


30 

75‘3 

8 

39 

. 5-8 


58 

85-9 

I 

7 


I2"6 

r i ■ 

.3 

84'8 

10 

45 


1-8 


31 

81-2 

1 1 

15 

5 '9 


59 

87-2 

I 

34 


12*9 


4 

8j-o 

II 

58 


2' I 


3 a 

8i-o 

ir 

57 

6-3 


60 

87^2 

I 

59 




5 

86*0 

' 0 

35 

P.M. 

a'o 


33 

8o-8 

0 

32 P.M. 

6-5 


61 

87-1 

2 

3 ^ 


Krr > 

111 .V, 

« ")6, 

M 9 

I 

24 


1-9 


34 

80-9 

i 

43 

5-4 


62 

85-8 

3 

0 




7 

H '3 

2 

6 


1-9 


35 

8o'4 

2 

27 

< 5-5 

14 th 

63 

6o‘2 

6 

20 

A.M. 

13*9 


8 

8o-6 

2 

48 


1-9 


3*5 

78-9 

3 

12 

67 


64 

63-0 

7 

5 


H ’3 

8th 

9 

59‘8 

6 

18 

A.M, 

1-9 

12t,h 

37 

68-3 

6 

23 a.m:. 

5-8 


65 

66-8 

7 

35 


14*4 


lO 

72*0 

7 

16 


2-2 


38 

70*2 

7 

^5 

7‘3 


66 

69-8 

‘8 

2 


i4%S 


II 

78*x 

8 

40 


2-3 


39 

72'2 

8 

7 

ri 


67 

72-4 

8 

3 «> 


i5'^o 


12 

81-7 

9 

35 


2-4 


40 

74 'o 

8 

50 

7-8 


68 

75 ' t 

9 

4 


^ 5*3 

f- 

13 

847 

II 

5 


a '5 


41 

77-3 

10 

57 

8-1 


69 

76-0 

9 

38 


^ 5*5 


14 

82-3 

II 

53 


2‘8 


42 

79-0 

1 1 

33 

8-3 


70 

8o‘4 

1 1 

0 


4-6 


15 

82;-6 

0 

36 

P,M. 

2-9 


43 

8o-8 

0 

16 P.M. 

87 


71 

82-1 

II 

35 


I V 9 


i6 

8i'o 

I 

3*5 


3-1 


44 

8i‘o 

I 

8 

8-9 


72 

83-4 

0 

19 

P.M. 

i6'3 

1. r -v',. 

>7 

8 1-8 

2 

20 


, 3'3 


45 

81-4 

I 

47 

9*0 


73 ' 

83-2 

0 

48 


x6'8 

9 th 

i8 

79 'i 

3 

5 


3 '4 


4(5 

8o'8 

2 

^3 

9-2 

* 

74 

75 

84-1 

I 

26 


i7'i 


577 

6 

18 

A.M. 

3 ’5 

13 th 

47 

78-8 

2 

53 

9*5 


81-9 

2 

2 


17-3 

b 

20 

67 'O 

7 

13 


3-8 

48 

66 'g 

6 

24 A.M. 

lOM 


76 

8rt 

2 

3 ^^ 


17-4 


21 

y 6 -o 

8 

II 


4 ‘i 


49 

7o'i 

7 

50 

io"4 


77 

78-9 

2 

5 ^ 


I7‘B 


22 

79-2 

9 

23 


4‘4 


50 

737 

8 

29 

io\B 

15 th 

78 

547 

6 

30 

A.M. 

i8'i 


23 

83-2 

II 

5 


4'5 


51 

75 ’o 

8 

55 

io’8 


79 

56-8 

7 

3 


i8'6 


24 

8yo 

0 

7 

TM, 

4 - 6 - 


5 ^ 

77'2 

9 

2(5 

10*8 


80 

60-4 

7 

37 


i8-8 


^5 

85’5 

I 

15 


47 


53 

8o’4 

10 

43 

II'O 


81 

63-9 

8 

9 


i9'o 


26 

84 'o 

2 

^3 


5 U 


54 

817 

II 

9 

II‘4 


82 

67-0 

8 

40 


19-1 

iith 

a 7 

28 

81-3 

65*1 

3 

6 

0 

20 

A.M. 

5 'i 

5’5 


55 

5 ^ 

8 2 ’3 
82‘0 

II 

0 

43 

13 P.M. 

117 

12*0 


83 

84 

70'2 

y 6'8 

9 

9 

10 

42 


19-.3 

19-5 


Note. -The rear-end of set No. 1 stood exactly over the dot at Sonth-Eiid. 

• 1 + 9 wore fixed exactly in the normal at the advanced-ends respect- 

ively of sets Nos. 10, 21, 42 and 84. 

(2^) Yiolent ■wind from N.E. bringing denso clouds of dust. 

” heavy clouds and thick dust. 
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VII^ 


Extracts from the Field (Ooiitinued.) 


zn 

Deo. ® . 

a ^ 

1854 o 

0 

B 

1 
g 

B 

Mean time of 
ending 

Height of Set ahove 
origin 

m 

Dec. 2 

’:3 

1854 

Temperature of Air 

Mean time of 
ending 

Height of Set above 
origin 

-a 

0) 

m 

Doe. _§ 

1854 ^ 

Temperature of Air 

Moan tiino of 
ending 

Height of Set ahore 
origin 


i» 

0 

7 i. m. 

feet. 


0 

h, m. 

feet. 


0 

A. m. 

feet. 

16 tli -8^ 

■ 54-8 

6 25 A.M. 

+ i9'8 

18 th no 

80*2 

II 40 A.M. 

4- a.fS 

19 th 1 3 5 

8 7 '2 

3 3 r.M. 

4 ~ ’ 32 * 1 . 

8(5 

6i'9 

7 26 

2<o*3 

III 

80*2 

0 3 n.M. 

26*0 

20th 136 

55 '° 

6 33 AM. 


87 

67-8 

8 16 

20 ’3 

1 12 

80-9 

0 34 

36-4 

137 

59'7 

7 7 

33 -c 

88 

p-y 

8 55 

20*8 

113 

8 1-0 

I 3 

26-6 

138 

63*2 

7 43 

33 'i 

89 

74-2 

9 23 

an 

1 14 

807 

I 32^ 

27*0 

139 

66'8 

8 7 

33 

90 

77'3 

9 54 

21*2 

1 15 

8i-a 

2 2 

27*1 

140 

69*0 

8 31 

s 33 '<^ 

91 

79'4 

IT 7 

21*4 

116 

8i*2 

^ 30 

2y6 

14 1 

74*1 

8 52 

337 

92 

8i-i 

II 31 

21*8 

117 

80-3 

2 56 

27*8 

142 

77-0 

9 ^3 

34M 

93 

82-j 

i-t 57 

21*8 

19 th 1 18 

6o*a 

6 53 A.M. 

27*9 

H 3 

8 i '3 

9 4*5 

34 \S 

94 

8j-i 

0 2 <5 r.M. 

22*1 

119 

62*9 

7 ^5 

28-3 

144 

82*4 

10 58 

34'4 

95 

8 , 3 '4 

0 48 

22*2 

120 

66-6 

7 59 

38-3 

14.'; 


II 19 

, 34*8 

96 

83*1 

I 26 

22*7 

121 

69*2 

8 25; 

38-9 

146 

86'4 

II 42 

33 ‘° 

91 

83*0 

1 30 

23*0 

122 

73 -a 

8 49 

29* I 

147 

87'8 

0 5 F.M, 

■ 35 '.3 

98 

82*4 

2 16 


X23 

76*0 

9 15 

‘^ 9'3 

1 48 

Sy'O 

0 a8 

35TJ 

99 

8i‘3 

2 42 

i^ 3'4 

T24 

78-9 

9 43 

39-4 

149 

88 '8 

0 48 

357 

.TOO 

79'2 

3 7 

23 '7 

123 

8 1*0 

10 45 

29-8 

150 

8B’9 

I 7 

36-c 

18 tli loi 

5°‘9 

6 2^5 A.M. 

23*8 

126 

82 "-5 
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The advaxiced-eiid of 

set No. 156 foil in excess 

QLe. North) 

of the dot donotinL 

Station A 0^0669 

feet, as 

measured ou Cary’s brass scale with a pair of com] laswes. 







Height of seL No. 1/56 

above Station A = 1 

•2 feet. 






1 The terminal point of set No. 156 was the point of origin for set No. 157 . 
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The advanced-end of set No. 306 fell in defect {%.e. South) of the dot denoting station B 0-1403 feet, as measured 


on Cary’s brass scale with a pair of compasses. 

Height of set No. 306 above Station B = 1'2 feet. 

The terminal point of set No. 306 was the point of origin for set No. 307. 
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(276) to (300) Light clouds. (328) to (348) Cloudy. 
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TliG advanced-end of set No. 457 fell in defect (i.e. South.) of the dot denoting Station C 0*1083 feet, 
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brass scale with a pair of compasses- 







Height of set No. 457 above Station C == Tl feet. 







The terminal point of set No. 457 was the point of origin for set No. 4o8. 
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(349) and (350) Cloudy. 
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70*0 

II 33 

145-6 

484 

76-4 

0 40 

II9’2 

529 

50*1 

7 21 

I 33'2 

574 

70-7 

II 49 

145-8 

485 

77'4 

0 56 

1197 

530 

527 

7 40 

73 3 '5 

575 

70-9 

0 7 P.M. 

146-2 

486 

j&S 


1 20’ I 

532 

54 '^ 

7 55 

1 33 ’8 

57<5 

7 J '4 

0 24 

146-4 

487 

76-9 

I 30 

120*5 

532 

5 ' 5'9 

8 IX 

134- X 

577 

72-1 

0 41 

146-6 

488 

76-3 

^ 5° 

121*0 

533 

597 

8 26 

734‘5 

578 

72*1 

0 59 

147^0 

489 

777 

2 8 

121-3 

534 

6ro 

8 41 

134-6 

579 

72-8 

I 15 

H 7*3 

490 

*J &2 

2 24 

I21'5 

535 

63-9 

8 55 

134-8 

580 

72-9 

I 36 

247-5 

491 

78-2 

a 38 

122*0 

536 

64-8 

9 to 

135-0 

581 

72-2 

I 58 

247-9 

49a 

767 

a 53 

122*3 

53 7 

6 5 '9 

9 27 

735 ’ I 

582 

72*2 

3 9 

148-2 

493 

77 -a 

3 7 

I22'5 

538 

<5 7 '3 

9 44 

735 ' 2 

583 

73-1 

2 24 

248-5 

494 

757 

.3 23 

122-7 

539 

69-7 

ic 3 7 

i 35'5 

584 

71-8 

2 41 

140*0 

18 th 495 

47 ’8 

6 42 A.M, 

123-0 

540 

70-8 

to 52 

735‘8 

585 

71-7 

2 55 

149*3 

496 

48-4 

<5 59 

123*2 

541 

7 1 '5 

1 1 8 

136-0 

586 

7^-5 

3 

149-6 

497 

497 

7 Id 

133-6 

542 

7 ‘'9 

11 ad 

73 d -3 

587 

70-9 

3 27 

1 50*1 

498 

di -3 

7 35 

123-8 

543 

72-4 

II 4 ^^ 

136-7 

22 nd .388 

6r6 

6 53 A.M. 

1 50-4 

499 

d 4 ‘i 

7 51 

124-2 

544 

73’5 

II 58 

136-9 

589 

62*4 

7 16 

1 50-7 

500 

d8-a 

8 6 

1 24*6 

545 

74-1 

0 15 P.M. 

737‘3 

59° 

63-1 

7 34 

1 51*1 

501 

6a’i 

8 23 

135-0 

54<5 

74-6 

0 35 

737'5 

591 

63-8 

7 52 

151-5 

50a 

637 

8 48 

124-8 

547 

75 ’i 

0 53 

137-8 

592 

62*2 

8 9 

1 51*7 

503 

65 "6 

9 2 

125-4 

548 

75'° 

I II 

1.38-2 

593 

63-7 

831 

1 52*1 

.‘:o 4 

< 56 ’o 

9 ^7 

1257 

549 

74'9 

I 2$ 

738-5 

594 

66-1 

8 46 

152*4 

505 

67-4 

9 31 

1 25 '9 

550 

74-0 

1 42 

7388 

595 

66-5 

9 0 

1 5a 6 

506 

69-1 

9 47 

126*5 

55 ^ 

74'3 

2 59 

139-2 

59 <'^ 

69-4 

9 16 

1 52 9 

S°7 

707 

10 37 

12.6-6 

552 

737 

2 17 . 

i 39'5 

597 

69-7 

9 33 


508 

72'0 

10 5r 

I26'8 

553 

73 -.3 

2 31 

739-8 

598 

70-4 

9 51 

^ 53 '4 

509 

7^'3 

II 6 

127-1 

554 

72-9 

3 48 

140-X 

599 

71-3 

10 45 

^53 S 

dio 

73-4 

II aa 

127-4 

137-6 

555 

72-8 

3 3 

140-3 

600 

72-8 

II 3 



73-9 

n 36 

55^ 

72-1 

3 22 

140'6 

601 

73-4 

II 18 

.,11 

154*3 

51a 

73'8 

“ 55 

127-8 

557 

71-5 

3 38 

140-9 

602 

72-8 

” 35 

I < 4*6 

S^3 

74-0 

0 10 P.M. 

ia8-x 

30 th 558 

489 

6 40 A.M. 

141-2 

603 

72-4 

II 50 

1 54-9 

d '4 

747 

0 a7 

128-3 

559 

50-8 

7 2 

Hi'5 

604 

75'9 

0 9 P.M. 

1 53*2 

S^5 

74-0 

0 4a 

128-7 

5 < 5 o 

52-5 

7 20 

141-9 

605 

75-5 

0 35 



74 ’d 

0 59 

128-9 

561 

53-9 

7 3 <> 

142-3 

606 

76-4 

0 46 

255-8 

5^7 

7 d ‘4 

I 15 

1 29- 1 

563 

5 < 5-3 

7 53 

143-4 

607 

7 7' 5 

I .3 

156-0 

di 8 

74-8 

I 30 

129-4 

5 ^J 3 

58-6 

8 15 

142-7 

608 

76-4 

1 17 

1 56-4 

5^9 

7 d-.d 

I 46 

129-8 

5*54 

6 o ‘2 

8 35 

143-9 

609 

76-3 

I 36 

%,j nr 

I <;6’7 

d^o 

75 '° 

2 I 

130-1 

565 

61-9 

8 50 

143 2 

6io 

76-0 

2 53 

1 57*0 

1 - 5 ^^ 

7 d ‘2 

a 15 

i 3 o '5 

566 

63 0 

9 6 

I 43'5 

611 

77-1 

a 13 

1 <7*4 

jaa 

75-1 

a 39 

130-8 

^7 

64'5 

9 22 

143-8 

612 

76-6 

a 39 

1 57*6 

523 

74‘4 

a 43 

131-a 

568 

64-9 

9 37 

144-0 

613 

73-5 

2 52 

I 58*2 

dH 

d^d 

dad 

74'3 

74-6 

74-0 

^ 59 

3 

3 26 

131-6 

131- 9 

132- 1 

5<59 

57 ° 

57 ^ 

66-4 

6 -f '2 

68-9 

9 51 

10 40 

10 56 

T44-3 

144-6 

144-8 


Total -f 

21022*3 


The advaticed-end of set No. 613 fell iu defect (i.e. South) of the dot at North-End 3'0289 feet, as measured on 
Caryl’s brass scale with a beam compass. 

Height of set No. 613 above North-End = IT feet. 


(527) to (587) Strong N.E. wind, 
mhower of rain in the morning. 


(588) to (613) Strong N.E. wind; sunshine and clouds alternating; slight 




KlRlCHl BlSl-LINEi 


lleduction to Mean Sea LeveL 



Let the sections into ^hich this 


hase-line is divided be denoted as follows ; 


Sonth-End to Station A by Section I ; Station B td Station C by Section HI ; 

Station A to B by II; C to North-End by 17 * 


Then in. the notation of ( 7 ) page I__ we have 



E=t 

^S\h — 

i^S-o; 

ii 

0^ 

+ 0-9 



[< 

a 

n 

dh 






+ 

Section 

I 

2,841 

0 

156 

0*2 


II 

8615 

0 

150 

0*2 


Ill ... 

14503 

t) 

151 

0*2 


IV ... 

21022 

0 

156 

0*3 


Log. E== 7*31894; aild « =i: 613; 



X 

^2 


e 

4 

9829 

*0086 

‘0217 

*0303 

8660 

9451 

*oa6a 

•0209 

•0471 

H 579 

9514 

•0441 

•0210 

•065 1 

2 'ii 39 

9829 

•0639 

■0217 

•0856, 


Final length of the Base-Line and of its parts in feet of Standard A. 


Section 

Meastired v> i 

th 

] 

Redncticin 
to sea level 
as above 

^ Total Length 

1 

Lof. 

Compensated 

bars 

pageVlI_^g 

Compensated 

microscopes 

page 

Beam 

compass 

pages 

vn to 

®3 

YII__ . 

26 

S. End to Stn. A 

9360-5140 

468-0872 

— 0-0669 

—’0,303 

9828-5040 

3*99248 7419 

Sta. A to Stn, B ... 

9 ooo- 494 a 

450-0871 

+• 0-140,3 

—0471 

945 o ‘<5745 

3-97546 2805 

Stn. B to Stn. C 

9060-4756 

453-0928 

4 - 0-1083 

-•0651 

9513-6116 

3’97834 6417 

Stn.CtoN. End 

9360-4913 

468'0968 

i- 3*0289 

•—'0856 

983 i’ 5 . 3'4 

,3-99262 1171 

S. End to ]Sr. End ... 

j 3678^9751 

i 8 . 39 - 3 < 5.39 

■f- yii&O 

—"2281 

38624-3215 

4*58686 0863 

- iii-iiig 


Lengths in feet of Standard A, between South-End and the JPosieritj/-MaricSy at the level® 
of measurement* 



MeasiuT ed 'with 


Bftrs 

Micros : 

Sonth-End to FotUrity-Marh a 

» 7 ) ® 

» 5 ) f 

it u S 

600-0329 

1260-0692 

2520-1383 

5040-2768 

.50-0054 

63-0x14 

126-0227 


Total, 

630-038.? 
1323 -0806 
2646-1610 
p^2"322j 






■ 2 $ 


KAEACHI BASE-LINE 


VII. 


Vmficaiory Minor TriangulaUon. 


rr 

1 0 tuo 





Distance 

in 

* 8.5 

. bo 

di 

Name of Station 

Corrected Angle 

Log. Sine 

Log. Distance 

Feet 

Miles 

k ! tZ 

1 

South-End of Base, 

Station A, 

» « 

0 1 II 

6 i 34 38 ’i 52 
6 'i ip I 4 ‘i 34 

5 ^ ^ 7135 

9 ' 9442 15970 
9-947218297 
9-919095454 

4-017607935 

4-020610262 

3-992487419 

9828-5040 

r86i 

// 

+0-509 



i8o o o'02r 






2 

Station a 

„ A, ... 

» /3 

^3 35 . 3 °' 7 i 2 

54 30 24 ' 0 I 2 
61 54 5-297 

9-952137652 

9-910722081 

9 V 4553 ^ 99 ^ 

4-024208591 

3- 982793020 

4- 017607935 



f 0-189 



180 0 O' 02 I 






3 

Station A, 

» ^ 

B, 

63 10 23-889 
53 13 i 3 ' 3 l^ 
63 37 22-817 

■ 9 ' 95 ° 547<^95 
9-903507804 

9'952354785 

4-022501501 

3 ' 97546 ifjjo 

4*024208591 

9450-6485 

1-790 

— 0*211 



180 0 0-021 






4 

Station ^ 

,, B, ... ... 

» y 

63 31 15-220 
56 48 2I'66i 
59 40 23-142 

9*951870103 

9-932632982 

9-936090561 

4-038281043 

4-009043922 

4-02250150X 



— 0-60, 



180 0 0*023 






5 

Station B, 

» y 

(< 

V/j •*« ••• 

59 34 

53 21 2-708 
67 4 41*682 

9 ' 935 ^ 3 ^ 91 ^^ 

9'904339326 

9-964277349 

4-009640670 

3-978343020 

4*038281043 

9513-559’' 

1*802 

-0-561 



180 0 0*021 






6 

Station y 

n 

» 8 

66 40 10*142 
50 34 35-298 
62 45 14-580 

9-96291^4111 

9-887883219 

9-948925937 

4-023668844 

3- 94859795^ 

4- 009640670 



+ 1-460 



180 0 0 - 07.0 






7 

Station C, 

„ 8 

North-End of Base, 

62 20 41-793 
55 ^<5 49-951 
62 12 28*278 

9‘9473i5o6i 

9 9 ' '; 7 '^li 7 
9-946768974 

4-024214931 

3- 992618287 

4- 023668844 

9831*4661 

1-862 

-1-372 



180 0 0-022 


1 

Sum 

38634-1777 

7*315 



Note,— E acb. side of a triangle is given in tlie same horizontal line with the angle which it subt0nds4 


The angles of the verificatory triangulation, were measured with Troughton’s 3-foot 
Theodolite, read by '5 micrometer microscopes. At all the stations 3 measures were made on 
each of 10 zeros. The stations on the line are South-End, A, B, C and North-End. The 
auxiliary stations are a, j8, y and 8. 





KlEACHI BASE-LINE 


riL^ 


Comparison in feet between the values computed by means of the verificatory trianffulation 

and the measured value. ® 


29 


Of the entire line. 

South-End to North-End by the measurement, pa^e Til ) Z®®’' 

a7j38624-32i5 4-586 860 863 

» in terms of South-End to Station) 

A, page Yll_^gj 38624*1777 4-586 859 246 

Log. computed value — Log. measured value — o’ooo 001 617 


In terms of the entire line by measurement. 


South-End to Station A 
Station A to Station B 

5, to ,, 0 . * , 

„ C to „ North-End 




Computed 

9828*5406 

9450-6837 

95i3’5946 

9831*5027 


Computocl 

Measured* 

*{-■0366 

-f*0092 

■—•0171 

■—•0287 


Of each section in terms of the others. 



Soutli-West-End 
to Station A 

Station A to 
Station B 

Coinputod 

Moasiircd 

Station B t:o 
Station C 

Computed 

Measured 

Station 0 to 
North-End 

Computed 

Measured 

Measured lengths* 

9828*5040 

945 o ’6745 

• • * k 

9513-6116 

Mm « » 1 

9831*5314 


Computed on base 1 
South-End to Station A J 

^ .. .. 

9450*6485 

--* 025 o 

95 i 3 ‘ 559 i 

-*0525 

9831*4661 

! —0653 

Computed on base 1 
Station A to Station B J 

^ .. 

• • # 

• • mm 

9513-5853 

“•0263 

98314933 

—■0383 

Computed on base d 
Station B to Station C J 

|. .. .. 


« <• mm 

mm Mm 

• • mm 

9831*5204 

— *0110 


Nom-Since Los,(x + dx) = Logex + + <tc 

X 2i«2 


dx = I^Logio (x + dx) — LogiQ a: j nearly, by wHch eipression the required 

variations in the foregoing natural numbers have been calculated. 



KARACHI BASE-LINE 



Description of Stations. 


SOUTH-END OF KARACHI BASE, Lat. 24° 53' Long. 67° 12' is situated in the dis- 
trict of Karachi, and within a few yards of the road from Karachi to Tattah. It is about 2 
miles from the lialting ground called Jamadar-ka-L:mdi, and some 9 miles E.S,B. from Karachi, 

The station is marked by a tower 22-9 feet high. An arched passage at the level of the ground, and 
parallel to the base-line, runs through the tower. On this arch and in the centre of the tower is an isolated and per- 
forated pillar rising to the level of the top of the tower. The continuation of this pillar into the basement of the 
tower, contains the mark-stones. These are three in number, the first being at the level of the passage-floor, the second 
and thiixl 1 ’8 feet and 3 foot respectively lower down, and all in the same normal. The uppermost mark consists of a 
dot on silver let into a brass plug, the latter being embedded in a slab of stone. This dot was used in the measurement 
of the base-line. It is protected by a small brass plate and a masonry dome of some 6 inches internal radius : the 
entrances to the passage are closed with briok work. 

The South-End was connected in 1860, by a double line of spirit levels with the mean 
sea level at Karachi, when it was found that the height of the surface of pillar coutaining the 
ground-level mark-stone was 46-38 feet above this datum. 

NORTH-END of KARACHI BASE, Lat. 24° 59', Long. 67° 15', is situated in the 
Karachi district, and stands on an open plain entirely devoid of habitations. 

The station is marked and protected similarly to the South-End of this base-line, the only difference 
being that the tower here is 18'4 foot high. 

Tlie North-End was connected similarly to the Sonth-End with the mean sea level at 
Karachi and it was found that the height of the surface of pillar containing the ground-level 
mark-stone was 204-40 feet above this datum. 

STATIONS A, B, C. Are on the straight line from South-End to North-End of the 
base-line, and distant respectively 1-86, 3-65, 5-45 and 7-32 miles from the former. 

The statiotis arc marked l)y a dot on a silver pin let into a brass bar about 7 inches long embedded in 
stone, and covered over witli a plate of brass ; the stone is enclosed in an isolated pillar of masonry surrounded by a 
platform of stones and earth and has an eartiiou mound 12 or 15 feet in height raised over it. 

POSTS illTY-M ARKS a, e, /, y. Are on the straight line from South-End to Station 
A, and distant respectively about 630 feet, i, i and 1 mile from the former. 

Those points are marked in the same manner as Stations A, B, C, with the difference that there is no plat 
form here surrounding the pillar of masonry. 

AUXILIARY STATIONS a, j8, y, 8. Are situated on suitable sites to the W. of the 
base-line. 

The stations are marked by a central isolated pillar of masonry, surrounded hy^a platform of stones and 
earth about 14 feet square. 


J. B. N. HENNESSEY. 



VIZAGAPATAM BASE-LINE. 



YIZAGAPATAM BASE-LINE 




The middle point of this base-line is in Latitude N. 17° 58', Longitude E. 83° 15'; 
the Azimuth of North-End at South-End is 199° 38', and the line is 6'59 Miles in length. 

The measurement was efFected under the directions of Major J. T. Walker ll.E. with the 
assistance of the following : 


Captain J. F. Basevi, R.E. 
Mr. J. B. N. Hennessey 
Captain B. R. Branfill 
Lieut. W. M. Campbell, R.E. 
Mr, H. H. Taylor 
„ R. Clarkson 
„ F. Ryall 
„ J. Wood 
„ J. W. Mitchell 
J. R. L. O’Neill 


3 ? 



TIZAGAPATAM BASE-LINE 


VIIL 

3 


INTRODUCTION. 


This base-line was measured on the plain between Waltair (near Yizagapatam) and 
Vizianagram in the Madras Presidency, the South-End of the line being some 17 Miles N.W. 
by North from the former place. The line was selected by Captain. J. P. Basevi, R.E. assisted 
by Captain B.R. Branfill and the ground prepared under their supervision. 

The measurement was commenced at South-End, bar-tongues pointing West, and was 
carried on continuously io the North-End, so that every succeeding set originated at the point 
marking the terminus of its predecessor. The line was divided into 8 sections by the sub- 
dividing points A and B to admit of verification by minor triangulation ; and in addition four 
points called J?o§terity-marlcs, No. 1, No. 2. No. 3 and M were laid down in the measurement. 
Of these, the first named was fixed at the end of 6 sets or about 378 feet, the second at 12 sets 
or about 756 feet, and the third at 18 sets or about 1134 feet, all reckoned from the South-End 
The point M was laid down at the end of the 173rd set from the same origin, near a site about 
the middle of the line suited for bar comparisons. It is also to be noticed that the South-End 
was connected by a single line of spirit levels, executed by Captain B. R. Branfill, with the 
tide gauge set up in the back water at Vizagapatam. The tidal observations for determining 
the mean sea level on the gauge were taken by Mr. R. Clarkson in November and December 
1860. 


The compensated bars were compared with the standard A on three occasions, i.e. before 
the measurement near South-End, after set 173 near the Posterity-mark M and after the mea- 
sureraent near North-End. On all these occasions the comparing piers were set up parallel to 
the line and witliin a few feet of it, while the bar-tongues pointed West as they did during the 
measurement. The series of comparisons at South-End comprised 66 sets, that at M consisted 
of 80 sets and 90 sets were taken at North-End. 

One of the comparing microscopes employed in the preceding bar comparisons was fitted 
with a micrometer, while the other had its wires (or linos) fixed. 

The compensated microscopes were compared with their scales on 5 occasions including 
the comparisons taken prior and subsequent to the measurement. 

In respect to time, the first set of bar comparisons was taken on the 8th December 1862, 
the last on the 4th of the following February. 

The verificatory triangulation was made to consist for the first time of a double series 
of triangles, i.e. a series was projected on either flank of the line, forming in all a com- 
plete figure of 10 triangles. Of the stations involved, S. End, A, B and N. End were in the 
alignment, and the remainder were selected on suitable sites, 3 to the W est and as many East of 
the line. The angles were measured by Captain B. R. Branfill with Troughton and Simm’s 
24-inch theodolite No. 1 on 10 equidistant zeros ; two measures were taken on each zero, so that. 
20 measures in all were made of each angle. 



VIII. 


VIZAGAPATAM BASE-LINE' 


Comparisons between the Standard JBar A and the Compensated Bars A, B, C, D, E, Hj made at 

the South-End of the base-line, before the measurement. 



Miobometbb Ebadin&s in Divisions 

1 Division =» Inch [7.8], = 1-8870 m.y. of A 



k 



0 

0 

+ 

+ 

+ 

+ 

+ 

8th. 9 

28 A.M, 

I 

72-3 

67^2 

1109^ 

1146-8 

1X41*4 

1166-7 

1177-4 

10 

7 

2 

73-6 69-67 

1144-0 

1144-4 

1138-3 

1163-0 

1 181-0 

10 

40 

3 

75’5 

71-17 

1169-1 

1142-5 

1129-3 

ii6r8 

1 177-3 

0 

II P.M. 

4 

77‘9 

75'37 

.1240*2 

1140-7 

1130-7 

1164-8 

1187-0 

0 

42 

5 

78-3 

7^’57 

1263-0 

1142-3 

1134-0 

1168-5 

1192-3 

I 

7 

6 

79‘5 

77'55 

1280-7 

1148-0 

1135-7 

1164-6 

ii 94'5 

I 

38 

7 

80-5 

78-45 

1301-5 

1152-3 

1139-8 

1178-0 

I 20 I*X 

a 

9 

8 

8o’i 

79-27 

13 I 7’5 

1159-2 

1150-8 

1186-9 

.1205*2 

2 

39 

9 

8o-6 

79-82 

1329-1. 

1169-7 

1155-0 

1185-6 

121 1-7 

3 

9 

10 

80-8 

80-15 

1336-6 

1 1 79-0 

1163-5 

i2ora 

1221*2 

3 

II 

79-8 

80*50 

13 . 39‘2 

1187-7 

1171-7 

1207-0 

1227*2 

3 

59 

12 

78-7 

80-15 

1336-2 

n88-8 

X180-0 


1228-9 

9 tb 6 

57 A.M. 

13 

62-4 

<53-55 

1051-7 

1205*8 

ii8o'3 

1219-7 

1226-1' 

1 37 

14 63-9 

65*07 

1054*8 

1199-8 

1187-4 

1219*2 

ci 

l-i 

8 

1 2 

15 

66-1 

93-37 

1 06,3 -7 

1192-8 

1172-5 

1212*0 

1225-3 

8 

44 

16 68-5 

64-15 

1080-7 

1186-3 

1179-0 

1204*0 

I2I5-1 

9 

24 

17 

71-2 

65-67 

1 ri I'S 

1187-5 

1169-5 

1209-5 

1213-3 

9 58 

18 

72-9 

97-35 

11.? 5 ‘5 

1176-7 

1162-6 

1183-6 

1207-9 

10 

27 

19 

74-6 

68-97 

1X70*0 

1172-9 

ii6o-8 

1191-2 

1204*2 

JO 

56 

20 

7 < 5-3 

7o’62 

,T200’8 

ii 77‘5 

1171-8 

1195-8 

I2I2-4 

0 

25 P.M. 

21 

78-8 

75 ’95 

' 1292-8 

ii8o-6 

1181-3 

1226-1 

1245*2 

0 

57 

22 

79-6 

76-97 

1320-2 

1 192-0 

1187-1 

1229-8 

1247-4 

X 

28 

23 

79'9 

78-07 

1342-4 

1200-7 

1193-2 

1233-7 

1251-2 

I 

52 

24 

So'o 

78-72 

1359-3 

1212-6 

1196-7 

1241-9 

•1263-5 

2 

21 


8o-6 

78-95 

1366-2 

12X8-2 

1201-2 

1243-6 

1263-7 

2 

49 

26 

8o-6 

79 ‘ 5 o 

i 377’5 

1214-1 

1207-8 

1248-0 

I265’8 

3 

13 

27 

8o-2 

797 7 

1381-9 

1224-8 

1214-2 

1249-1 

1272*2 

3 

35 

28 

79-5 

7977 

1384-1 

12347 

1218-9 

1258-0 

1279-9 

3 

56 

29 78-1 

7972 

1383-8 

1237-7 

1223-1 

1265-0 

1277-9 

4 

17 

30 

76-1 

7975 

i 375’9 

1238-6 

1229-2 

1265-3 

1290-1 

lOtlx 6 48 A.M. 

31 

58-1 

61-42 

1070-3 

1250‘5 

1231-3 

1257-6 

1286-8 

7 

13 

32 

59-8 

6077 

1061-4 

1250-9 

1229-0 

1257-8 

1280-7 

7 

33 

33 

61-3 

60*45 

1062-0 

1 25 1-4 

1230-4 

1251-2 

1282-8 

7 

5S 

34 

62-3 

60*40 

1062-2 

1246-0 

1228-8 

1252-3 

1278-2 

8 

22 

35 

64-6 

9 o -35 

io68-8 

1244-7 

1224-9 

1248-0 

i373\5 

8 

42 

36 66-6 60-92 

1081-2 

1238-3 

1222-1 

1250-2 

1272-6 

9 

I 

37 

68-1 

61-52 

1096-5 

1237-3 

1221-5 

1250-0 

1272-7 

9 

18 

38 69-4 

62-25 

ini-6 

1236-2 

1216-0 

1248-4 

1265-2 

11 

5 

39 

75-2 

68 82 

1222-0 

1221-0 

1213-0 

i255‘o 

1271-1 

II 

27 

40 76-1 

70-05 

1245-4 

1225-2 

1212-2 

i255‘o 

1265-1 

11 

46 

41 

76-7 

7 1 '05 

1260-7 

1229-0 

1208-1 

1248-7 

1374'3 

0 

6p.m. 

42 

77-4 

72-10 

1277-8 

1229-3 

1213-8 

1 353 '3 

1272-9 


• 4 " 

ii 48’4 

II 53-2 

ii55'i 

11747 

iiSo'i 

ii77‘6 

iiSa’o 

iioro 

11867 

ii 97 -a 

iao 8-6 

laii’o 

ii88'3 

1404-7 

1190-9 

1187- 6 

1184-6 

1188- 8 
h8,3-8 
1x90-2 
1207-8 
1215-6 
1227-6 
12,37-1 

I236'8 

1240- 1 

1246- 0 

1237-3 

1267-1 

1262-7 

1247- 1 

1248- 9 

1242- 8 

1241- 3 

1240- 1 

1241- a 
1240-0 
1236-0 
1239-9 

1243- 3 
ia 45 'i 

1247-1 


+ 

1150-3 
1 1 55-9 
1159-5 

1169- 0 

1168-5 

1170- 9 
1181-0 

1188- 0 
1184-6 
1195-8 
1202 '! 
1199-2 

I 2 IO -2 

1201-8 

1197-0 

1187- 5 

1189- 7 

1188- 5 

II88-0 

1206-9 

1209-9 

1218-8 

I232-I 

^231-5 

1241-0 

1240- 9 
1244-8 

1248- 4 

1^55-4 

1256-2 

1252- 9 

1253- 7 

1246-1 

1249- 9 
1248-0 
1243-3 

1241- 8 
1229-2 
1231-8 
1238-7 

1250- 9 



+ 

1153-2 

1156-0 

154-3 

ii 6 r 2 

1164- 3 

1165- 2 
1172-4 
1180-5 

1182- 2 
1193 o 
1199-7 

1203- 3 

1204- 7 
1206-7 
1199-2 
1194-8 
1192-0 
1184-9 

1183- 4 
1189-3 
1208-0 
1 2 1 3 -6 
1220-9 
1230-7 
1232-5 
1236-1 
1241-2 
1248-9 

1251- 5 

1256-9 

1254-9 

1253-4 

1252- 1 
1248-8 
1246-9 
1245-4 
1 244- 1 
1240-6 
1238-2 
1238-8 
1240-7 
1244-6 


Major Walker at 
thti micrometer mi- 
croscope 5 Captain 
Branflll at the plain 
microscope. 


Observers chang- 
ed places. 


Captain Branflll at 
the micromc^ter mi- 
croHcope ; Mr. Tay- 
lor at the plain mi- 
croscope. 

Observers chang- 
ed places. 


l\rr. Hennessey at 
the microimder mi- 
(•ro.sc.ope ; Captain 
Basevi at the plain 
microscope, 

j OhserYcrs chang- 
ed places. 


Observers chang- 
ed places. 

Major Walker at 
the micrometer mi- 
croscope ; Captain 
Basevi at tlie plain 
microscope. 

Observers chang- 
ed places. 


Captain Branftll 
at the micrometer 
microscope ; Mr. 
Clarkson at the 
plain microscope. 


December 8tli, 9tb, lOth. (1) to (42). Wind N.E. sky clear. 






BAR COMPARISONS 

Before ihe measurement — (Oontinued.) 
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CD 
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CD 
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4-1 

o 
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3 

0 

B 

n::j 

CD 

"0 

CD 

g 

0 
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A 

B 

c 

D 

E 

H - 
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_ CD cs 

s 
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CD 


lOth 

h, m. 


0 

0 

+ 

+ 

+ 

H- 


+ 

+ 

+ 


0 2.7 P.M. 

43 

78-0 

73-10 

1295-5 

1224*3 

1218-2 

X 256-5 

1272-2 

1260-8 

125 1'a 

1247-2 



0 47 

44 

78-9 

73-90 

131 1-3 

1233-0 

1220-4 

1257-1 

1279-8 

1252-7 

1257-0 

1350-0 



r II 

45 

8o-i 

74-70 

1330-9 

1239-3 

1230-8 

1267-5 

1289-a 

1265-6 

1260-5 

1258-8 

OE, servers clmng- 


1 3.3 

46 

8o-6 

75-55 

I548’o 

12490 

1236-0 

1271-3 

1289-0 

1267-0 

1266-5 

1263-1 

ed places. 


i 5.3 

47 

8o-6 

76-40 

1364-3 

1251-0 

1243-2 

1278-9 

I2Qyo 

1274-9 

1073-5 

1269*4 



a 15 

48 

8 o -(5 

77-07 

i 377 'i 

1257-1 

1243-4 

1282-2 

1294-8 

1276-8 

1277-8 

1273-0 



2 34 

49 

8o'6 

77-52 

1384-1 

1260-0 

1243*1 

1278-3 

1299-5 

1276*0 

1075-9 

1273-1 



2 53 

50 

8 o ‘3 

77-95 

1393-6 

1259-6 

1244-3 

1286-2 

1305-3 

1280*9 

1283-3 

12J&6 



3 13 

5 ^ 

8o’o 

78-37 

1405-8 

1 266-9 

1248-5 

1294-7 

1309-9 

1290*4 

1283-7 

1283-3 



3 32 

52 

So'i 

78-65 

1411-4 

1272-0 

1251-2 

1294-4 

1312-0 

1288-2 

1285-0 

1283-8 



3 55 

53 

79-(5 

78-95 

1410-9 

1269-9 

1355-1 

1297-5 

1314-1 

1290-7 

1285-0 

io 85'4 

Oliservors cliang- 


4 :8 

54 

77*6 

79-oa 

1409-0 

1272*1 

1263-5 

1293-3 

1331-7 

1296-3 

1087-5 

1289-1 

ed plin:eH. 

llth 

(5 38 A. M. 
^ 55 

55 

5 ^^ 

58-4 

58-9 

62-47 
62' I 2 

1.147-0 

1136-8 

1284-9 

1292-0 

1278- 5 

1279- 0 

1299-3 

1303-0 

1324-7 

1322-8 

1296-2 

1302-7 

1303-3 

1302-5 

1297-6 
1,3 00 ',3 

OaiJtain Bnseri at, 
:uicroin(?.ter mi- 
erosw^pe ; Captain 
liraniiil at tliu plain 
microseopu , 


7 

57 

59’8 

61-75 

1128-5 

1296-7 

1276-t 

1303-5 

1324-5 

1300-0 

1293-5 

1298-9 


7 a8 

58 

61-2 

61-37 

1126-6 

1295-8 

1276-6 

1301-8 

1333-1 

1297-8 

1099-1 

12,99-0 


7 45 

59 

52-8 

6rr^ 

1128-0 

1291 -4 

1 268 '3 

1302-2 

1330-6 

1393-4 

1.303-7 

1296-6 



8 5 

60 

' 54' 5 

61-62 

1131-0 

1287-7 

1267-2 

1301-0 

1318-0 

1293-2 

1296-9 

1294-0 

Observers cliang- 


8 a 3 

61 

66' 1 

6i-p2 

1 136-0 

1284-1 

1271-7 

1302 ‘0 

1318-1 

1292-4 

1394-7 

1293-8 

etl plitces, 


8 43 

62 

^ 7'5 

62-42 

1^45-9 

1281-5 

1-2 64-4 

1294-4 

1319-7 

1389-4 

129 1-8 

1290-2 



9 3 

63 68’o 

63-12 

1157-7 

1276-4 

1262-1 

1289-8 

1309-2 

1279-7 

1387-3 

1284-1 



9 23 

64 

65 

70*0 

<53-95 

1171-5 

1276-r 

1258-6 

ia86-i 

1308-7 

1279-0 

1285-8 

1283-4 



9 42 

7I-I 

64-77 

1187-3 

1271-1 

1256-3 

12S7-1 

1304-2 

1285-6 

1085-4 

1281-6 



10 0 

66 

72-7 

65-27 

1202*4 

1269-7 

1256-8 

1286-4 

1301-5 

1284-0 

1280-6 

1279-9 

Observei's clmng- 
ecl places. 



Moans 

7 o' 8 i 

1234-51 1225-35 

1211-68 1245-42 

1364-71 1239-35 

1 338-84 

1237-56 



December 10th aud 11th. (13) to (CO) Wiud N.E. Sky clear. 




VIZAGAPATAM BASE-LINE 


Before the measurement — (Continued.) 

Let tlie mean lengtli of the compensated bars minus the Standard A at 62“ F be denoted 
by X, and the observed excess of the compensated bars by S when the temperature of A is T. 
Then, the expansion of A for 1° being (i?„ — dF^), we have 


X - if - 6f) {E, ~ - S = o ; 


Treating the preceding bar comparisons as shewn in this equation, we obtain the follow- 
ing series of results : — 


d 


5’9* (Ea 

- 

- 45'3 = 0 

X— 7’67 


— I3‘0 = 0 

x— 9-T7 

3) 

4" 14*8 — 0 

a;- 13-37 

33 

+ 79-0 = 0 

a?- 14-57 

33 

+ 98-7 = 0 

«-r5'55 

33 

+ 115-5 = 0 

^—16-45 

33 

+ 139-1 = 0 

fl!— 17-37 

33 

+ 137-0 = 0 

a?— 17-83 

33 

+ 146-9 = 0 

a?— 18*15 

33 

+ 143-6 = 0 

a;~ 18-30 

33 

+ 139 ’5 = 0 

a?— 18-15 

33 

+ 133-9 = 0 

1-55 

33 

-153-0 = 0 

X— 1-07 

33 

-151-9 = 0 

X— 1-37 

3i 

-135'.') = 0 

^17-— 

33 

— 1 14- 1 = 0 

X- 3-67 

33 

— 80-3 = 0 

5'35 

33 

- 49-4 = 0 

X— 6-97 

33 

- 13-4 = 0 

X— 8-63 

33 

+ 11-5 = 0 

w- 13-65 

33 

+ 84-8 = 0 

57—14-97 

33 

+ 106-6 = 0 

57—16-07 

33 

+ 131-5 = 0 

a;— 16-73 

33 

+ 135-6 = 0 

57— 16-95 

33 

+ 133-7 = 0 

57-17-50 

33 

+ 341-4 = 0 

57-17-77 

33 

+ 140-7 = 0 

a;— 17-77 

33 

+ 135-3 = 0 

57 — 17-73 

33 

+ 133-3 = 0 


d 


57-17-75 

-dE, 

) +119-0 = 0 

x+ 0-58 

33 

— 184-6 = 0 

57+ 1-33 

33 

— 193-0 = 0 

57+ 1-55 

33 

— 190-1 = 0 

57+ 1-60 

33 

-186-6 = 0 

57+ 1-65 

33 

— 178-1 = 0 

57+ I -08 

33 

— 164-3 = 0 

5?+ 0-48 

33 

-147-6 = 0 

57— 0-35 

33 

— 139-0 = 0 

57— 6-83 

33 

— 16-3 = 0 

57— 8-05 

33 

+ 6-6 = 0 

57- 9-05 

33 

+ 30-0 = 0 

57—10-10 

33 

+ 33-3 = 0 

57 — II-IO 

33 

+ 48-3 = 0 

57-11-90 

33 

+ 61-3 = 0 

57-13-70 

33 

+ 73-1 = 0 

^-h3'55 

33 

+ 84-9 = 0 

57—14-40 

33 

+ 94*9 ~ 

57-15-07 

33 

+ 105-1 = 0 

57-15-53 

33 

+ 113*0 = 0 

57-15-95 

33 

+ 117-0 = 0 

57 — 16-37 

33 

+ 133-6 = 0 

57—16-65 

33 

+ 137-6 = 0 

57—16-95 

33 

+ 135-5 = 0 

57—17-03 

33 

+ 119-9 = 

57— 0-47 

33 

-150-6 = 0 

57— 0-13 

33 

— 163-5 = 0 

57+ 0-35 

33 

—170-4 = 0 

57+ 0-63 

33 

— 173-4 = 0 



BAR COMPARISONS 


VIII, 


Before the meamrement — (Ooutinued.) 


3/ d 


af+ 0-83 [Ea 

- -168-6 = 0 

a;- 1*12 {E^-dEf 

-126-4 = 0 

a?+ 0-38 

„ -i63’o = 0 

a— 1*95 }) 

— 110*9 “ 0 

o-o8 

„ -157*8 = 0 

X- 2-77 „ 

- 94-3 = 0 

X— 0*42 

,, - 144*3 = 0 

3*27 }) 

-77-5 = 0 

And from the 

mean of these results, 




d 

X = 3*05 -f- 8*8r 




adopting the original value of the expansion of A given at page ( 9 ), 

my d 

= 22*67 ^ i7'di5, 

^ my 

and X = 158*24 - 8*8 1 dE^ = 203*65 - 8*81 dE^ = L ~A. 



where L denotes the mean length of the compensated bars obtained from all the compari sons, 

d 

as represented by the mean micrometer reading 1 237*56, page YIII 

n. 

Comparing this reading with the mean reading of each compensated bar given on the 
same page we obtain the following : — 


In terms of 

A-L 

B-L 

C-L 

D-L 

E-L 

H-L 

Micrometer divisions. 

- 12*21 

00 

00 

1 

+ 7*86 

+ 27-15 

+179 

+ 1-28 

Millionths of a yard. 

-15-71 

-33-31 

+ 10*12 

■+■34*94 

+*•30 

+1-65 


Also combining the values in this table with the equivalent of L— A above determined, 
there result, 


d my 

A - A = 146-03 “ 8-8i dEa = 187-94 
B- A = 132-36- „ =170-34 


-HidE^ 
” )!> 


C — A = 166-10— „ =213*77 — 


B-A 
E- A 
H-A 


d 

i 8 S '39 ■ 

160*03 ■ 
'i59'5^ 


8 -8i dE. 


}) 


n 


my 

238-59 - 8-8i dEft 
‘ 305-95 - „ 

: 205*30 - „ 


m.y 

and 6 a; == 1221*9 + 5^*9 





VIZ.iGAPATA] 

8 

Comparisons leUoeen the Standard Bar A and the 
a site selected at the ce7itre of ti 



Compensated Bars K, C, D, Ej made on 
3 hase-line, after set No. 266. 


, Ebadings isr Ditisions 

^ Cary’s Inch [7.8], == 1’2869 m.y. of A 


c 


D 


E H 


<0 


O «» 


Q 


Ee MAE K S 


+ 

+ 

+ 

+ 

+ 


577'5 

583-1 

557-8 

538-3 

552-5 

Mr. Hennessey at 
the micrometer mi- 

58o'a 

592-1 

561-2 

553-1 

558-3 

croscope ; Captain 

58 1 -x 

595-2 

574-6 

.557-2 

564-6 

Eininflll at the plain 
micrcscope ; 

589-1 

599-8 

585-3 

565-2 

572-4 


594-1 

6x1*8 

587-8 

571-3 

578-7 

Sky cloudy. 

59T3 

603 *0 

583-7 

569-0 

580-4 

Observers chang- 

69TS 

608*0 

588-1 

570-7 

581-8 

ed places. 

607*0 

6^1*8 

582-8 

567-9 

582-3 


6oi‘i 

612*3 

590-7 

569-5 

580-4 


6oi*8 

605*0 

586-1 

572-7 

580-3 


594’8 

600*2 

575-1 

561-9 

575-0 


59.3 "8 

601-9 

572-0 

566-5 

574-0 


596-0 

605-8 

578-3 

560-7 

575-9 


599 -a 

595-8 

578-8 

561-0 

57.5-5 

Observers chang- 

588-7 

594-1 

573-9 

557-9 

.572-9 

ed places. 

588-+ 

6oo'o 

575-6 

558-8 

575-5 


579 '^ 

606-4 

566-6 

572-6 

574-8 

Major Walker at 

554'5 

S77’(> 

553-1 

554-0 

5.53-9 

the inicroinetor mi- 
croscope ; Lieut. 

55 7 "0 

57.3-0 

549-° 

549 ’° 

550-1 

Campbell at the 

548-0 

5*57 -5 

549-7 

550-4 

546-9 

plain microscope. 

544'.3 

560-8 

550-5 

551-0 

544-8 

Sky clear. 

55.3-5 

567-2 

546-0 

5^7-^ 

534-6 

Capttiin liranfill at 

55 . 3 -a 

571-9 

541-8 

521-2 

538-9 

tlie micrometer mi- 
croscope ; Mr, Hen- 

55^-8 

05*8 

548-0 

530-7 

.538-9 

nessey at the plain 

554-9 

561-1 

544-1 

525-6 

53.5-6 

niicro.scopc. 

550-7 

557-8 

536-5 

529-6 

5.35-7 


548-6 

565-8 

539-3 

525-8 

5.37-3 


5 * 52 -.3 

561-8 

547-8 

.3.36-3 

543 -a 


557-1 

572-1 

548-8 

540-6 

544-1 


566-8 

569-2 

5.58-5 

549-9 

551-3 


570-7 

573-8 

550-7 

55 '-o 

5 . 51-8 


5<^7’4- 

57^-7 

562-4 

544-4 

551 '5 

Observers chang- 

564-0 

571-2 

560-6 

545-4 

550-7 

ed places 

57^-7 

586-3 

559-8 

544-8 

556-2 


5 < 54-4 

582-8 

565-6 

553-7 

55 7-2 


570-3 

582-2 

558-4 

548-6 

555-0 


574-2 

585-6 

562-4 

553-8 

5.58-1 


575-9 

587-8 

565-0 

550-7 

5.59-1 


S<^9'7 

584-6 

566-2 

.548-7 

558-8 


571-6 

579-4 

558-4 

546-2 

555-8 


57 < 5-3 

592-0 

556-6 

5.59-0 

561-5 


571-3 

582-4 

571-4 

563-6 

562-6 




BAR COMPARISOiTS 


After set No. 266 — (Continued.) 

MiCEOMETEE EeaDIHGS IK DiTISrOKS 
I Dilrision = — Cary’s Ineli [7.8], = i-sa69 m.y. of A 


VIII. 


1863 ^ 

OJ 

Q 

! Jany. .§ 


Kekaeks 


o § 

a s 

o 


A. w. Q 

8th 3 i8 P.M. 43 83*4 8175 
3 33 44 83-1 8i-8o 

3 45 45 82’8 8i*8o 


Oth 7 3 A.M. 

7 30 

7 50 

8 X2 

8 32 

8 51 

9 '^5 
9 34 

9 50 

10 7 
JO 27 

0 0 I*.M. 


H” + 

733 '8 555-1 

729-5 559-2 

731-3 554-3 


46 5j-7 

47 54-2 

48 6&1 

49 67-2 

50 68-5 

51 70-1 

52 7^-5 

53 73'i 

54 74-5 

55 75-J 
55 77-2 

57 84-1 

58 85-1 

59 85-«> 
( 5 o 85-8 

61 85-0 

62 84-9 

63 85-5 

^4 85-5 
61 85-2 

66 85-0 

67 84-8 

68 84-1 

69 82-6 

70 Sj’P 


62- 60 

63- 02 

63- 72 

64- 60 

65- 65 

66- 62 

57-55 

68-87 

75*15 

76- 40 

77 - 27 

78- 20 

79- 00 

79 - 75 

80- fo 

81- 15 

81-52 

81- 72 

82- 02 
82-32 
82-40 
82-40 


lOt’h 6 53 71 60-6 62-90 

7 15 72 6r-8 62-50 

7 33 73 63-7 62-25 

7 49 74 65-2 62-17 

8 6 75 67-j 62-27 

8 25 76 69-9 62*27 

8 41 77 70-7 62-85 

8 57 78 71-7 63-55 

9 14 79 73-1 <54-30 

9 28 80 73*8 65-02 


407-8 
41 X -6 

4^5-4 

420-8 

430-9 

444-9 

460*9 

478*5 

496-8 

511-1 

526-9 

629-9 

< 555 -J< 

672-3 

688*2 

699-8 

715-1 

724-9 

727-3 

741-8 

753-9 

753-9 

749-2 

755-4 

755*5 

426-2 

416-8 

415-8 

419-3 

424-0 

4327 

444-6 

457*3 

470-2 

484-7 


552 - 5 

5 ( 55-0 

5 ( 55-0 

562- 1 

553*9 

548-7 

546-2 

537- 4 

538 - 3 

539 - 8 
531-0 
529-0 

527-6 

536-2 

538-5 

542-0 

542-0 

542-9 

548*2 

553 - 8 
550-9 

563 - 9 
571-3 

573 - 8 

568- 9 

586-8 

579-8 

578-2 

571-6 

574 - 9 

.569-2 

569- 1 

565-5 

567-0 

560*0 


4- 

538-3 

538-2 

543-0 

550 - 3 

551 - 0 
543-0 
542-0 

545 - 0 

530-6 

529-4 

529 - 9 

524 - 5 

522-8 

521 - 5 
514-5 

516-9 

522- 1 

525 - 0 
519-7 

530 - 1 

533-9 

542- 2 

543 - 0 
540-5 

546- 0 

551- 0 

559 - 7 
555-7 

558-8 

560- 6 

565-8 

560-4 

552 - 8 
564-4 
555-1 
549-0 
548-8 
548-0 


+ 

579-6 

579 - 7 

586- 0 

580 - 5 

579-4 

587- 1 
574-2 
564-6 

560-0 

554-8 

554-0 


549-4 

558 - 1 

554-9 

556 - 0 

557 - 0 

559 - 6 

571 - 2 
569-5 
568-3 

572- 8 
568-0 
586-5 
588-1 

588-7 

596-4 


4- 4- + + 

578-4 569*4 564-9 564-5 

585-9 561-3 569-7 565-7 

585-2 569-1 560-7 566-4 


581*4 

< 02*0 

591 - 8 

581-8 

575-7 

572*9 

574-0 

567-8 

570-0 

570-4 

564- 3 
566-5 

565- 9 

573-9 

577-8 

572-8 

581-2 

587- 9 
.583-6 
585-9 

592 - 1 

588- 9 

596-9 

609-6 

607-8 


560- 2 
566-2 
569-6 

561- 2 

555 - 2 

557 - 3 

558- 8 

556 - 2 
553-8 

555 - 4 

556- 4 

540-2 

556 - 0 
552-9 

557 - 0 

5 . 39*5 

555-2 

574*9 

580-9 

577-8 

572-5 

574-5 

583-2 

590-1 

590-1 


556-7 

554-4 

549*1 

552-7 

536-0 

549-9 

541-2 

544-0 

.557-2 

568-7 

561-0 

566-5 

564-8 

573-3 

572 - 5 

573 - 1 
581-4 
581-0 


567-2 

570- 6 

571- 5 

564 - 5 

560- 4 

554-5 

553-6 

550 - 3 

548 - 9 
547-4 
545-9 
540-7 
545-2 

.547-1 

549 - 9 

551 - 8 

558 'i 

561 - 7 

565 - 0 

< 66*4 

566- 2 

572 - 1 

577-3 

583-9 


591-6 

601*7 

577-8 

576-2 

582-2 

583-8 

.599-2 

576-4 

573-7 

578-9 

587-0 

599-7 

578-4 

578-2 

581-2 

584-0 

.598-6 

575-0 

576-5 

577-7 

582-8 

595-0 

573-2 

575-5 

575-7 

570-8 

.591-0 

569-0 

572-0 

572-7 

566-5 

589-2 

574*6 

575-9 

571-7 

568-5 

579-0 

5.59-2 

562-6 

564-0 

564-9 

585-2 

568-6 

566-1 

566-8 

56.3-0 

583-6 

573-2 

561-9 

565-0 


Observers chang- 
ed places. ' 


Mr. Taylor at the 
micrometer micro- 
scope ; Mr, Clarbson 
at the plain inicro- 
I scope. 


Slcy clear. 


Observers clmng- 
cd places. 


Observers chang- 
ed places. 

Sky clear. 

' Major Walker at 
the micrometer mi- 
croscope ; Captain 
Basevi at the plain 
microscope. 

Sky clear. 

Observers chang- 
ed places. 


637-60 552-21 536-32 572-82 584-90 565-12 557-91 561-55 
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As on page VIII— ^5 we have 


x-{f - 62°) {E, -.dEJ-B = o; 


and from the preceding bar comparisons 


d 


a?— i8-io {Ea 

- JA„) + 150-9 = 0 

a-— 30-35 

33 

+ 185-2 = 0 

a?— 30-80 

33 

+ 189-8 = 0 

a?— 31-15 

33 

+ 187-4 = 0 

a?- 21 -35 

33 

+ 190-1 = 0 

af— 31-65 

33 

+ 188-2 = 0 

a?— 31-80 

33 

+ 188-1 = 0 

<p— 21-87 

33 

+ 193-0 = 0 

a?— 21-93 

33 

+ 194-5 “ ® 

a?— 31-85 

33 

+ 190-3 = 0 

a?— 31-72 

33 

+ 191-3 = 0 

a?— 31-65 

33 

+ 191-3 = 0 

a?— 21-45 

33 

+ 188-4 = 0 

a?— 30-97 

33 

+ 178-6 = 0 

a? — 20-60 

33 

+ 170-7 = 0 

a? — 30-15 

33 

+ 171-9 = 0 

a?— 4-87 

33 

— 84-7 = 0 

X— 4-82 

33 

- 75-9 = ° 

X — 5'^® 

33 

- 50-5 = 0 

x— 6-97 

33 

- 25-7 = 0 

X— 8-33 

33 

- 2-3 = 0 

w- 14-05 

33 

+ 95 -a = 0 

a:- 14-75 

33 

+ 109-7 = 0 

a?- 15-35 

33 

+ 115-3 = 0 

a?-i 5-97 

33 

+ 123-0 = 0 

a?— 16-45 

33 

+ 134-7 = 0 

a?— i6’8o 

33 

+ 139-7 = 0 

a?-i 7 -i 5 

33 

+ 139-4 = 0 

*-17-55 

33 

+ 149-0 = 0 

a?— 17-83 

33 

+ 158-3 = 0 

i 

CO 

6 

33 

+ 163-3 = 0 

ar-i8-35 

33 

+ 161-1 = 0 

a? -18-77 

53 

+ 165-1 = 0 


we obtain the following series of results 

d 

i8'9o — dEf) + i 6 v^ = o 

-f 167-0 = o 
-t- 174-0 = o 
■t-175‘5 = o 
+ 175-0 = o 
+ 176-1 = o 
+ 177-9 = o 
+ 166-0 = o 
+ 166-7 = o 
+ 169-3 = o 
+ 163-8 = o 
+ 164-9 = ° 
-159-4 = o 
-159-0 = o 

— 156-1 = o 
-143-7 = o 

-139-5 = o 

— 109-6 = o 

— 93-7 = o 

— 71-8 = o 

— 53-1 = O 

— 36-3 = o 

— 19-0 = o 
+ 89-3 = o 
+ 109-9 = o 
+ 135-2 = O 
+ 138-3 = o 
+ 148-0 = o 
+ 157-0 = o 
+ 163-2 = o 
+ 162-3 = ° 

+ 175-4 = O 

+ 187-7 = O 


a?— 17-00 
a?- 1 7-75 
a? — 18-50 
a?-i9-i5 

a?— 19-53 
a?— 19-73 


a? 

a?— 19-05 
a?— 19-37 
a?— 19-47 
a?-i 9'57 , 

»-I 9-65 
a?— 19-67 
a;— 19-70 
ar-19-75 
af-i9’75 
a— 19-80 
a?— 19-80 
(c— 0-67 
a?— 0-30 
x— 0-35 
a? — o-6o 
ar— 1-03 
a?— 1-72 
X— 2-60 

X- 5-65 

X— 4-62 

5’55 

X— 6-87 
a 7 -i 3 -i 5 
a?— 14-40 
a?- 15-37 
a?— 16-30 


jy 

39 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

33 

j* 

33 

33 

33 

33 

33 

33 

33 

33 



BAR COMPARISONS VIII 

II 

After the set No, 266 — '(Continued.) 


e, A 

te-%0'0% [Ea - dE^ +i8i-8 = o a- 0*17 (£« - dE^ -158-4 = o 


SB — 20-32 

33 

+ 171-9 = 0 

b 

1 

33 

-151-7 = 0 

a; — 20-40 

33 

+ 171-5 = 0 

X— 0-27 

33 

—140*0 = 0 

{p— 20-40 

33 

+ 172-2 = 0 

X— 0-85 

33 

—127-1 = 0 

<r— 0-90 

33 

— 156-0 = 0 

1*55 

33 

—106-7 = 0 

a?— 0-50 

33 

— 162-1 = 0 

X— 2-30 

33 

— 96-6 = 0 

x- 0-25 

33 

-165-4 = 0 

x~ 3'02 

33 

~ 80-3 = 0 


And from the mean of these results, 

d 

« = ■“ 76*05 + 13*67 {^a - a) ' 

adopting the original value of the expansion of A given at page ( 9 ), 

m.y d 

= a2-67 = 17-616, 

d m.y 

and X = 164-76 — i3;67 dE^ = 212-03 - 13-67 dE^ = h — A. 


Proceeding as on page VIII ^ we obtain : — 


In terms of 

A-L 

B-L 

C-L 

D-L 

E-L 

H-L 

Micrometer divisions. 

- 9 * 34 - 

-25-23 

+ 11-27 

+23-35 

+ 3*57 

-3-64 ■ 

Millionths of a yard. 

— 12-02 —32-47 

+ 14-50 

+30-05 

+ 4*59 

00 

1 


Also the following, 

d 

A - A = 155-42 
B - A = 139-53 
C — A = 176-03 
D-A = i88-ii 
E - A = 168-33 
H— A = i6i-ia 

and 6 a; = 1272*2 — 82*0 


i3'6>jdE^ 








37 


33 


m.y 

% 00^01 
179-56 
= 326-53 
= 242-08 
=;: 216-62 ■ 
= 207 * 35 ' 


13-67 dE^ 


33 

33 

33 

33 

33 


% 
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Comparisons hetween the Standard Bar A and the Compensated Bars A, Bj C, D, H, made 
at the North-End of the lase-line, after the measurement. 


< 

too 

% 

1863 'g 

tTany* m 

1 o 

and a 

Feby. 3 

Ct> 

■s 

i 

a 

IN’o. of comparison 

Temperature of Air 

Corrected mean temperature of A 


MICEOMETEB HEADINaS IN 

1 Division = Inch [ 7 . 8 ], = 

Divisions 

1-2831 m.y. of A 


BsMABEa 

Mean 

A 

A 

B 

c 

D 

E 

H 

Mean of tke 
compensated 
bars 

li. m. 

0 0 

■ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


3 Ist 7 29 A.M. 

I 66-7 65-57 

817-1 

919-4 

902*9 

929-9 

952-1 

917-0 

9I9-I 

923*4 

Mr. Honnessey at 

7 S° 

3 <577 <55-52 

8i6-2 

914-0 

900*0 

924*2 

950-6 

918-2 

916-2 

920-5 

tlio micrometer mi- 

8 5 

3 68-2 65-67 

SiS'o 

914-I 

902*1 

9 ^ 3*3 

946*8 

918-6 

919-0 

920-7 

croscopc ; Lieuten- 
ant Campbell tit the 

8 19 

4 69-2 65-90 

■ 823-4 

916*6 


923-8 

945*7 


9 A 5*8 

919*4 

plain microacopc. 

8 35 

5 69-8 66-27 

832-3 

911-3 

898*0 

918-0 

941-2 

920*7 

918-2 

917-9 


8 58 

6 72-0 67-00 

846-7 

905*7 

887-4 

918-1 

941*4 

913*9 

914-9 

913-6 

ObRcrvors chang- 

9 17 

7 73 ‘i 67*60 

863-2 

905*3 

890-0 

924-0 

939*9 

922‘0 

922-5 

917*3 

cd places. 

9 3<5 

8 74-7 68-37 

875*9 

9”’5 

888-2 

918-0 

941-1 

918-1 

920-3 

916-2 


9 53 

9 76-7 69-22 

884-2 

909*0 

885-0 

920*1 

938-3 

916-5 

921*1 

915-0 


10 8 

10 77-6 70-02 

898-3 

904*3 

886-4 

923*3 

935*0 

913-6 

919-9 

913-8 


IT ao 

II 83-0 75-27 

985-0 

882-7 

871-3 

910-8 

931-0 

907-7 

902*4 

pox’o 

ObHorrers chaiig- 

” 43 

12 84-4 76-90 

lOIl'p 

885-8 

878-4 

916-3 

942-8 

914*1 

908-8 

907-7 

cd places. 

0 8 3 P.M. 

13 85'5 78-62 

1043*5 

901*3 

885*3 

927-8 

954*8 

928-1 

917*9 

919-2 


0 29 

14 84-2 80-07 

1068-6 

895*5 

893-8 

942-6 

961-9 

930-9 

926-4 

925-2 


0 59 

15 83-1 81-47 

1092*9 

912-6 

905*3 

940-7 

9 ^ 3*7 

940-1 

934*8 

932-9 


I 23 

16 83-4 82-07 

1101*2 

915-0 

905*4 

950*9 

968-0 

943*3 

932*9 

935*9 

Observers clmng- 

1 42 

17 84-0 82-37 

1 105-7 

921*1 

910*0 

952*1 

970-1 

946-2 

933*5 

938-8 

od places. 

2 I 

18 83-4 82-62 

II 05 -9 

917-6 

907*3 

955*9 

966-6 

937*3 

932*1 

936-1 


2 21 

19 Sy-j 82-70 

1107*1 

925-0 

908-3 

952-2 

972-0 

944-9 

930*0 

938*7 

Light clouds scat- 

a 43 

20 8i*5 82'62 

1106-3 

926-1 

9157 

947-6 

970-0 

945*9 

934*9 

940*0 

tered about the sky. 

3 4 

21 80-7 82-50 

1103-8 

928-4 

9 L 3*3 

951-0 

9^5'3 

940-0 

938-1 

939*4 


3 3(5 

22 807 82’22 

1103-6 

928-1 

925-6 

958-2 

976-0 

944-2 

937*3 

944*9 

Observers chang- 
ed places. 

2nd 6 59 A, M. 

23 65-7 68-72 

872-2 

917-7 

908-2 

931*3 

949*4 

924-0 

927-8 

926-4 

, Major Walker at 

7 31 

24 67-0 68-30 

86o-o 

922-7 

909-0 

929-8 

949*8 

923*7 

922-7 

926-3 

' the micrometer mi- 
croscope ; Lieut. 

7 40 

25 68-5 68-05 

856-2 

918-7 

906-5 

926-3. 

950-5 

920-7 

923-1 

924-3 

Carapl)eU at the- 

7 59 

26 70-5 67-95 

858-0 

917-6 

906-5 

926*0 

949-0 

921-5 

923*0 

923-9 

plain microscope. 

8 19 

27 71-1 68-07 

862-6 

917*5 

897*5 

922*8 

941-2 

917-8 

921-3 

919-7 


8 47 

28 73-9 68-55 

874-9 

905*5 

893-6 

915-8 

942-1 

918-7 

913*7 

914-9 

Observers chang- 

9 7 

39 75‘4 69-20 

886-2 

902-4 

889-9 

910-4 

937*8 

912-8 

912-2 

910-9 

ed places. 

9 35 

50 77-2 70-00 

898-4 

903*5 

886-6 

914-9 

933*2 

911-2 

908-3 

909-6 


9 43 

31 78-7 70-85 

912-4 

895*4 

879-4 

906*2 

929-7 

907-2 

906*3 

904*0 


JO 0 

32 80-5 71-72 

926-7 

892*3 

877*5 

902*8 

623-8 

905-9 

905-1 

901*2 


JI ip 

33 85-5 76-80 

1009-8 

885-0 

872-0 

904*2 

932-0 

894-8 

890-1 

896*4 

Mr. Taylor at the 

TI 41 

34 87-1 78-20 

1035*5 

880*2 

864-2 

908*9 

929-0 

903-9 

892-8 

89*5*5 

micrometer micro- 

0 3 r.M:. 

35 87-8 79-52 

1058-6 

878-3 

872-0 

910*8 

933*0 

910-0 

899-8 

900-7 

BwUpu ^ JjXI « KoOlS 

at the plain micro- 

0 25 

36 87-9 8o-8o 

io8o-i 

887-2 

872-4 

914*0 

930-4 

905*4 

905*2 

902-4 

scope. 

c> 44 

37 89-8 82-05 

II 00-6 

887-0 

872-7 

908*0 

931*6 

912-2 

904-0 

902-6 


I 19 

38 89-4 83-92 

1130-1 

900-6 

877-0 

913*0 

937*4 

917-0 

9”*5 

909-4 

Observed chang- 

I 42 

39 89-7 84-82 

1146-3 

892-5 

886-0 

918-9 

938-0 

927*0 

918-8 

913*5 

ed places. 

2 2 

40 89-2 85-57 

1156-3 

901-0 

887-2 

923*5 

946-0 

918-8 

921-0 

91 < 5*3 


St 19 

41 88-8 86-17 

1163-7 

903-0 

890-9 

922-5 

948-8 

926-5 

921-0 

918-8 


3 35 

42 87-9 86-55 

1170-1 

908*4 

892-5 

926-0 

943*0 

926*0 

921-0 

919*5 


3 51 

43 87-3 86-72 

1172-8 

912-0 

904-6 

936*0 

954*2 

931-0 

924-8 

927-1 


3 11 

44 87-3 86-95 

1173-0 

916-4 

901-8 

930*2 

952-3 

928-7 

928-9 

926-4 

Do. do. 

3 27 

45 86-7 87-00 

11734 

916-9 

903-2 

940*9 

954*4 

933*7 

923-2 

928-7 


3 46 

46 86*1 86-70 

1170-3 

918*0 

905-2 

937 ‘o 

962-1 

934*0 

929-7 

931*0 

Do. do. 



BAR COMPARISONS 


After the measurement — (Continued.) 
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Micbometeb Eeadings IK. Diyisioks 

1 Division = 7r ; 7? o. ~7^ = 1‘2831 9njj. of A 

2 lUoo*3u 


h. m. 

6 _54 

7 15 
7 36 

7 5^ 

8 13 

8 38 

8 57 

9 13 
9 29 
9 4<5 

II 1(5 
II 33 
II 49 

O 37 P,M. 

O 43 

0 5(5 

1 X 2 

1 ay 
j 44 

2 I 


y y A,M. 

7 25 

7 43 

8 I 

8 34 
8 39 

8 54 

9 13 

II 33 
II 46 

II 59 

O ISP.M. 


47 63-6 6(5-23 

48 <55 '3 <5575 

49 <57'3 <55’5 o 

50 69-0 65-50 

51 70-7 65-70 
53 73-8 6'(5-23 

53 757 ^^5-90 

54 77-1 67-62 
<< 78-8 68-45 
5(5 79-9 69-50 

57 86-8 75-90 

58 88-4 77-10 

59 89-1 78-37 

60 90-6 80-87 

61 91-0 82*00 
63 91-6 83-07 

63 91-1 84-10 

64 91-0 85-17 

65 93-3 86-37 
6'6 92-'i 87-17 

67 91-7 88-35 

68 91-4 88-95 

69 91-6 89-35 

70 92-2 89-75 

71 67-0 69-15 
73 68-3 68-72 

73 69-6 68-55 

74 7i-a 68-50 

75 73-5 68-67 

76 74-9 69-13 

77 76-7 < 59-80 

78 78-5 70*52 

79 88-5 78*82 

80 89-6 79*^5 

81 90-5 80-60 
83 90-6 81-55 

83 91-4 82-33 

84 93-6 83-10 

85 93-1 84-12 

86 93-3 84-92 

87 93-6 85-65 

88 93-4 86-35 

89 92-9 87-03 
9 ° 9 3' 3 8 7 ‘<55 


ABC D E H 


+ 

813- 1 
806-0 

801- 3 

802- 7 
806-5 

814- 9 
828-7 
844-7 
860-1 
874-3 
977-0 
996-8 
loirs 

io66*o 

io8y3 

1105*0 

II22*3 

1140*^ 

11/0*2 

1182*8 

1195-2 

1201*1 

i2oy-r 

855-6 

849 - 8 

850 - 8 
853-7 
859-3 

869-8 

883-3 
89(5-7 

1030-1 
1044-7 
1063-1 
1077-6 
1091-0 
1105-8 
1 134-3 

11.36-5 

1149-5 

1160*3 

1169-1 

1180-3 


4" 

904-9 

900-0 

9°4-5 

895*0 

894*3 

889-6 

880- 0 

877*0 

872 - 9 

873- 2 

848-0 

848-.3 

851-0 

864-0 

861-0 

861-4 

867- 0 

868 - 5 

873-0 

875*5 

881- 0 
876-0 

891-3 

893-8 

903-8 

005-0 

907-0 

897-3 

903*5 

896-2 

900*7 

895*8 

870-4 

873-4 

870-1 

869-7 

863-1 

861-6 

869-9 

869- 4 

870- 9 

871- 1 
873-3 
879-3 


+ 

920*0 

919-8 

906-8 


+ 

932-5 

938-2 


+ 

913-6 

905*5 

904-9 


852-8 

864-9 

857-3 

863*0 

873 - 5 

874- 3 
873*3 
877-3 
879-1 

892-0 

894-0 

888- 0 

884-6 

889- 3 
891-0 
889-0 
889-8 
868-0 
859*2 
863-2 
863-3 
861 -6 
860-8 

859- 8 
858*8 

860- 7 
861 *4 
866-4 
868-6 


895-0 

894-5 

898-0 

904-5 

902 -3 

9137 

911- 1 
916*0 

915-0 

914-0 

907 - 5 

908- 9 

912- 4 

913- 6 
906-1 

907*5 

901- 7 
898*9 
900-3 

897-4 
80.3*0 

893-6 

895*7 

897- 4 
8gg-6 

898- 1 

902- 4 
902-3 


912-9 

917-3 

914-0 

9H‘7 

921-8 

923-3 

929*2 

935-0 

932-4 

935-5 

937-0 

937-6 

925-9 

93<5*5 

932-2 

932-7 

928-9 

925-7 

930 - 1 
927-2 
932-5 
921-3 
907-5 

916- 6 

919- 8 

917- 1 

920- 3 
919-4 

931- 7 


+ 

911-4 

909-0 

908*4 


883-5 

915-3 

933-5 

904-3 

904-0 

880*3 

909-0 

927-8 

899-3 

901-1 

87.5-0 

903-6 

923-0 

895-9 

895-4 

867-1 

898-8 

917-1 

892-9 

899-1 

863-8 

893-1 

915-4 

897-3 

893-4 

860-3 

89(5*0 

907-4 

887-1 

891-1 

858-6 

892‘r 

906-4 

885-1 

884-0 

844-0 

884*4 

909-2 

874-2 

861-5 

84,3-0 

879-0 

905-4 

880-4 

877-0 

840-9 

883-9 

907-3 

881-3 

877-9 

856*0 

884-0 

9x2-0 

893-0 

882-2 

85<5'5 

887-6 

912-3 

895-7 

886-2 


897-0 

906-0 

896- 7 
900-3 

903- 9 

905-7 

909- 9 
906*0 

905-2 

90(5*8 

900-9 

904- 4 
908*4 

910- 1 
908-0 
908*1 

890- 1 

891- 4 
890*0 

887-3 

897- 9 

891-3 

897-2 

894- 4 
895*6 

895 - 5 

903-1 

903-6 


898*7 

poo'a 

898-7 

9oa*2 

898 - 3 
903-7 

896-7 
900*0 

905*0 

907*0 

905*8 

906*1 

911*0 

910-7 

913-8 

912-8 

891*1 

890-1 

893-5 

889-9 

893-2 

890*4 

892*3 

893 - 7 

894 - 3 
896-5 
896-3 

899 - 1 


+ 

912-8 

910-3 

907*8 

905*9 

901-9 

896-9 

893-5 

890*0 

885-8 

883*3 

870-3 

872 - 2 

873 - 6 
881-9 
883-2 

885-3 
890*0 
890*1 
890-7 

896 - 3 

897 - 0 
900*1 

9°3-5 

904-6 

9 ° 9'3 

910-6 

906- 1 

9°4-5 

910-2 

908-8 

908-4 

907- 3 
891*2 

890-5 

8 qo ’5 

888-3 

888-4 

884*3 

888-6 

888- 9 

889- 7 

890- 5 

893-3 

895-7 


Eemaeks 


Major Walker at 
the micrometer mi- 
croscope Lt. Camp- 
bell at the plain mi- 
croscope, j 


Observers chang- 
ed plncoa. 


Mr. Taylor at tlie 
micrometer inicro- 
scopo; Mr. Clark- 
son at the plain mi- 
croacopo. 

Observers chang- 
ed places. 


Observers chang- 
ed places. 


Major Walker at 
the micrometer mi- 
cros ; Mr. Clarkson 
at tljo plain micro- 
flcopo. 

Observers chang- 
ed places. 


Lieut. Campbell at 
the micrometer mi- 
croscope ; Mr. Hen 
iiesssey at the plain 
microscope. 


Observers chang- 
ed places. 


Means 76-69 1000-93 893-68 882-14 914-16 935*14 910*59 908-18 907-33 




VIIT___ 

14 


YIZAGAPATAM EASE-LINE 
After the measurement — (Continued.) 


As on page VIII — g we have 

oi—if — 62“) - dEa) - S = o ; 

and from the preceding bar comparisons, we obtain the following series of results ; 


.57— S' 51 a 

— —106-3 = 0 

a?- 9-73 (E« 

— "t" ® 5'5 — ° 

00 — 3 ‘ 5 a 


— 104-3 = 0 

X — 14-80 

99 

4-113-4 = 0 

os— 3-57 


— 103-7 = 0 

a?— 16-30 

99 

139-0 = 0 

w— 3-90 


— = 0 

X — 17-53 

99 

4-157-9 = 0 

SB— 4-37 


— 85-6 = 0 

a?— iS-80 

99 

177-7 = 0 

X— 5'oo 


— 66-9 = 0 

»• 

a? — ^0*05 

99 

-4- 198-0 = 0 

0? — 5'^° 


— 54-1 = 0 


99 

4-330-7 = 0 

X — < 5'37 


— 40’3 = 0 

^ — 2^82 

99 

•4-333-8 = 0 

X— 7*33 


— 30-8 = 0 

sb—^S '51 

99 

-h 340-0 = 0 

X— 8'03 


- 15-5 = 0 

. a?— 34-17 

99 

4 344’9 = 0 

a?— I3’37 


-j— 84*0 0 

4 ^— 34'55 

99 

4- 350-6 = 0 

a?— i4‘9o 


■4-104-3 = 0 

a? — 34'73 

99 

-+- 345‘7 = 0 

a?— i 6'63 


4-134-3 = 0 

a? — 34‘95 

99 

-4-346-6 = 0 

w—zS'oy 

9 ^ 

”t~ ^ 43’4 = ^ 

a? — 35-00 

99 

4-344-7 = 0 

ar— i9‘47 

99 

4- 160-0 = 0 

a?— 34-70 

99 

+ 339*3 = 0 

a?— 30-07 

99 

4-165-3 = 0 

X— 4-33 

99 

— 99-7 = 0 

a?— 30-37 

99 

4- 166-9 “ ° 

‘ 77 - S'15 

99 

— 104-3 = 0 

X — 30-63 

99 

4-169-8 = 0 

X- 3-50 

99 

— 106-5 = 0 

X — 30-70 

99 

-l- 1 6 8 -4 0 

X— 3-50 

99 

— 103-3 = 0 

30-63 

99 

4-i66'3 = 0 

X— 3-70 

99 

— 95-4 == 0 

a; — 30-50 

99 

4 - 164-4 = 0 

X — 4-33 

99 

— 83-0 = 0 

a?— 30-33 

99 

4-158-7 = 0 

X— 4-90 

99 

— 63-8 — 0 

X— 6-73 

9 ) 

— 54'3 = 0 

X— 5-63 

99 

- 45*3 = ° 

a?— 6-30 

99 

— 66-3 = 0 

a?— 6-45 

99 

— 35-7 = 0 

a?— 6-05 

99 

— 68-1 = 0 

a?— 7-50 

99 

— 9-0 = 0 

X— S'9.5 

99 

— 65-9 = 0 

X— 13-90 

99 

4-106-8 = 0 

X— 6-07 

99 

— 57-1 = 0 

a?— 15-10 

99 

-HI34‘6 = 0 

^'55 

99 

40^0 = 0 

X — ^16-37 

99 

+ 143-7 = 0 

03 — 7*30 

99 

— = 0 

a?— 18-87 

99 

+ 184-1 = 0 

a?— 8-00 

^9 

— 11-2, — 0 

a?-:- 30-00 

9 \ 

-4-304*1 == 0 

X— 8-85 

99 

4- 8-4 = 0 

47— - 3 i ‘07 

99 

+ 319-8 = 0 



BAR COMPARISONS 






After the measurement-^ 

-(Continued.) 



CC-rZZ’lO {E^ 

d 

- + 232-3 = 0 

37 - 7-80 {E^ ■ 

-dEf) 

d 

— 25-1 = 0 

ar— 23-17 


+ 250-2 = 0 

37 — 8-52 

33 

- 10-5 = 0 

a;— 24-27 


+ 265-2 = 0 

iJ?— 16*8:^ 

33 

4 138-9 = 0 

37-25-17 

V 

+ 273-9 = 0 

17*65 

33 

+ 154-2 = 0 

37 — 26-25 

33 

+ 285-8 = 0 

iC— 18*60 

33 

+ 171-6 = 0 

37-26-95 

33 

+ 293-1 = 0 

^-“J 9*55 

33 

+ 189-3 = 0 

37-27-35 

33 

+ 297-6 = 0 

a?— ao'32^ 

33 

+ 202-6 = 0 

37-27-75 

33 

+ 302-5 = 0 

^•r-2I*IO 

33 

+ 221-6 = 0 

37 - 7-15 

33 

- 537 = 0 


33 

+ 235-6 = 0 

37 - 6-72 ' 

33 

— 60-8 = 0 


33 

+ 247-6 = 0 

37 - 6-55 

33 

- 55‘3 = 0 

37-23-65 

33 

+ 259-8 = 0 

37 — 5-50 

33 

- 51-8 = 0 

37-24-35 

33 

+ 269-8 = 0 

37 — 6-67 

33 

— 51-0 = 0 

— 25*0^ 

33 

+ 275-8 = 0 

37— ■7'12 

93 

^ 39-0 = 0 

^-3575 ■ 

33 

+ 284-5 = 0 


And from the mean of these results, 

d 

a; = — 93-60 + 14-69 — dE^): 

adopting the original value of the expansion of A given at page ( 9 ), 

w.ty d 

= aa’67 = i7'668, 


i m.y 

and X ,= i6j*94 + 14-69 dE^ — ai,2-9a — 14-69 dE^^^-h — A. 
Proceeding as on page VIIT__^ we obtain , 


In terms of 

A-L B-L C-L B-LE-LH-L 

Micrometer divisions. 

Millionths of a yard. 

— I3'64 —25-18 +6-84 +27-82 +3-27 +0-86 

— 17-50 *-^32-31 +8-78 +35-70 +4-20 +I-IO 


Also the fallowing, 

A mj 

A - A = ISV30 — 14-69 dB^= i95-4a — H '^9 dEa 
B r- A = 140-76 - « = i8o-6i - „ 

C-A= 172-78- „ =221-70- „ 

m.y 

and 62;= ia77-5 


d m.^y 

B — A = 193-76 — i4'6gdE*~ 248-62 — 14-59 dE^ 
B — A = 169-21 -’ « = 217-ia — „ 

H — A = i66-8o — = 214-02 -* „ 

— 88-1 dE„. 




VIZA&APATAM BASE-LINE 


VIII. 


'i6 


Pinal deduction of the total length measured with the compensated bars. 


m.y 


Prom page VIII the excess of the 6 compensated bars above 6 times A before the"! _ 

' measurement j ^^^^9 


}} 


VIII_ 

VIII. 


II 


„ after set No! %66 = 1372-3 

„ after the measurement = 1377*5 

applicable to sets Nos. i to 366 = 1347-1 

Nos. 357 to 553 = 1374-9 

Also the mean length of a set of 6 compensated bars in feet of the standard, 1 _ ^ ^ A 

corrected for error* in the ther : readings, applicable to sets Nos. i to 355/ ~ ° °° 35 °o 5 Jo 


» 15 

Therefore the mean excess of 

and 








V 




and 


}} 


BA 

applicable to sets Nos. 357 to 553 =50-0035839 


82*0 dE^ 
88-1 dE^ 

85-1 dE, 
54-0 dEa 

81-5 dEa 


Hence the total lengths measured with the compensated bars 


in sets Nos. i to 173 

„ 1 74 to 355 

„ 367 to 359 

„ 350 to 553 


feet of A 

= 10380-5055 — 1 1073 dE ^ 
= 558 o ‘3355 - 5953 dE , 
= 5580-3333 “ 7589 dE , 

- 11580-5917 — 15749 dE ^ 


in sets Nos. i to 553 


= 33i3i*95di - 403^3 dEa 


Now the mean temperature of A during the bar comparisons before the measurement and after set No. 
266 was 63° + = 73 ^* 7 } for which temperature the corresponding expansion of A from page ( 19 ) 

= 31*714 m.y. Also the mean temperature of A during the bar comparisons after set No. 355 and after the 

8i°'6 

measurement was 53 ° — -g— = 75 °' 5 , for which temperature the corresponding expansion of A from 
page ( 19 ) = 31*733 m.y. Comparing these values of expansibn with the original value = 22‘6'j m.y, 
used in the foregoing j it is found that dE^ ~ +0*955 m.y, for sets Nos. i to 255 , and = + 0*938 m.y, for sets^ 
Nos. 367 to 553. Substituting for dE^ respectively these numerical values, there result. 


Total lengths measured with the compensated bars 

feet of A 

in sets Nos. i to 173 or S. End, to Station A = (10380-6055 — *0318) =10380-5738 

„ 174 to 359 or Station A, to Station B = | +5^80-3333 - -0314 } “ 1^0-5303 

„ 360 to 553 or Station B, to N. End = (11580-5917 — -0443) =11580-5474 

„ I to 553 or S. End, to N. End = (33131*9551 - *1145) =33131*8415 


* It is shewn in Appendix No. 8 of this volnme, that a correction of — o ®'59 is due to the mean thermometer readings of the 
Standard Bar A at the Yizagapatam base-lino. The linear value of this correction for a set of 6 bars = - 6 x 0-59 {tEf, - ) 

“ - -0002408 4 + 3-5 AEa. 
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VIIL 


Comparisom Idwm ih Compmated Microscopes md their 6-inch brass scales iunng the 
measurmmt, provisional determination of Microscope errors with respect to the 
b-incti brass scale A, expressed in ’millionths of an inch (m.i.) 
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■WTion compared 

1862-63 

Microscope. 

Scale compared with* 

December 12th 

Before the measure- 

r 

T 


ment. 

M 

M 



0 

P 




F 



R 

R 



P 

P 



S 

S 

♦ 




„ 1 / th 

Between sets No. 24 and 25. 

u 

U 

,1 30th 

Bet-w-eeu sets No. 

It 

R 


173 and 174. 

T 

T 



M. 

M 



N 

F 



0 

P 



u 

U 



s 

s 

Jan-uary 7th 

Bet-ween. sets No. 

R 

R 


266 and 267. 

T 

T 



M 

M 



F 

F 



0 

P 



U 

U 



s 

s 

„ 10th 


T 

T 

„ 16th 

Between sets No. 358 and 359. 

F 

F 

„ 17th 


R 

R 



T 

T 



M 

M 



0 

P 



u 

U 



s 

S 

„ 19th 

V 

F 

F 

„ 30th 

After the measure- 

T 

T 


ment. ' 

R 

R 



M 

M 



F 

F 



0 

P 



u 

U 



jS 

s 


i< 

CP -4. 
•4»* 

o 

<D 

O 

O 


cj cd’2 

g s 


VO 


CD OK 

■2^ II 
P 

S- 

"o 
p 
nD 


gf^ 
s II 

P o 
c3 r-H 

— tj 

M'S 


Microscope 

Microscope Scale. 

Ohser ' i'^ed 'oalue in 

terms of 

Divisions 


10000 

md * 



0*00 

0 

- <5-13 

— 613 

Til 

in 

11-77 

1177 

5-30 

3^0 

5 -80 

580 

-f 8-27 

-t- 827 

0*00 

1 ^ 

— 2*10 

210 

0*00 

0 

4-77 

All 

14-07 

1407 

9-70 

970 

6-13 

6t3 

+ S'SI 

+ 337 

+ 1-38 

+ Jt38 

^‘ 9 S 

<^93 

1-50 

130 

— 10-70 

— 1070 

8-70 

870 

O’OO 

0 

+ 7'°3 

+ 703 

4“ 14-00 

H* 1400 

— 12-87 

— 1287 

+ 1-67 

-+ 167 

■+• 6-10 , 

610 

5-60 

560 

“ 3’97 

“ 397 

0-00 

0 

+ 8-70 

+ 870 

— i7'oo 

— 1700 

+ 7-70 

+ 770 

0-00 

0 

3-60 

3(5 o 

— lO'OO 

— 1000 

8-67 

867 

0-00 

0 

+ 8-87 

+ 887 


Micros : Seale — 
at 62° Fah. 

Micros : — Scale A, 
at 62® Fall. 

md. 

0 . 

0 U 

9 ^ 

(U .0 

Cj 

-CD q 

M ^ 

1 

- 97 

+ 1084 

I 

21 

512 

2 

+ 350 

727 

3 

363 

296 

4 

93 

962 

3 

330 

920 

6 

- 73 

1930 

7 

+ 283 

-f-llio 

8 

-+- 93 

-fiiSi 

9 

- 97 

1229 

10 

— ■ 21 

1090 

II 

+ 3<53 

213 

12 

330 

633 

13 

283 

ioi 8 

14 

- 73 

1734 

13 

+ 93 

■f 970 

16 

- 97 

1036 

17 

21 

862 

18 

+ 3153 

- 298 

19 

350 

+ ^33 

20 

283 

1027 

21 

- 75 

1316 

22 

- 97 

4 - 131 ^ 

23 

+ 3*53 

4 - 410 

24 

+ 93 

+ 7'53 

<i3 

- 97 

1086 

26 

21 

1032 

27 

+ 350 

296 

28 

283 

839 

29 

- 73 

1398 

30 

+ 3<53 

- 66 

31 

- 97 

4-1226 

32 

+ 93 

631 

33 

— 21 

919 

34 

+ 3<53 

- 99 

33 

330 

+ 45 

3*5 

283 

865 

37 

“ 73 

1380 

38 


80-90 

80-33 

80 - 47 

79- 75 

81 - 03 

80 - 40 
80-85 

IS'^5 

82- 77 

83 - 21 

87-41 

82-11 

82-40 

8,r5() 

82-03 

73-82- 

75'4r 

73- 73 

68 - 54 

74 - 04 
73 '90 
76-20 

^ S ' 3 S 

83 ’35 

70 - 08 

71 - 17 

69 - 88 

70 - 68 
70-89 
7X-65 

82-34 

70-85 

70 - 60 

71 - 28 
70-61 

70 - 99 

71 - 31 
74-29 


+ 1181 
1146 
1154 

II JO 

1189 

1150 

1178 

"h 827 

■{“ 1298 
1326 
1588 
1^57 

1275 

1348 

1252 

+ 739 

838 

733 

409 

733 

744 

888 

+ 209 

+ 1334 

+ 305 

373 

493 

543 

33^ 

603 

+ 1271 

+ 333 
338 
580 
338 
562 
582 
768 
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Microscope Comparisons — (Continued.) 

The required combinations of individual microscope errors taken from page VIII 

are expressed as follows ; 







Reference nmvbers. 



5+7 

2 



md. 


mean temp: 






1 

+ 

2 

+ 

3 

+ 

4 

+ 

6 

+ 

= 

+ 

4985 

at 

(62 +18-47) 



before the measurement. 




I 


+' 


+ 


+ 

8 

+ 

5 + 7 


4 - 

5175 

at 

(62 +x7-6i) 


bet-ween sets 24 & 25, and do. 


I 


2 

3 

4 

2 




=' 

2 

+ 

3 

+ 

4 

+ 

5 

+ 

8 

+ 

1 + 7 

2 

= 

+ 

5114 

at 

(62 +17-62) 


5 ? 

do. do. 


= 

10 

+ 

II 

+ 

12 


13 

+ 

6 

+ 

9+15 

2 

= 

+ 

55<55 

at 

(62 +20-99) 


}) 

173 & 174, and do. 


== 

10 

+ 

II 

+ 

12 

+ 

13 

+ 

14 

+ 

9+15 

2 

= 

+ 

5<5<53 

at 

(62 +21-52) 


?? 

do. 



9 

4* 

II 

+ 

12 

+ 

13 

+ 

14 

+ 

10+ 13 

2 


+ 

5<539 

at 

(62 +21-48) 


JJ 

do. 

e? 

=: 

17 

+ 

18 

+ 

T9 

+ 

20 

+ 

21 

+ 

164-22 

2 

=: 

+ 

4103 

at 

(62 +11-44) 

CD 

nzJ 

cS 

a 

)J 

266 & 267 

h 


18 

+ 

^9 

+ 

ao 

+ 

2t 

+ 

23 

+ 

164- 22 

2 

= 

+ 

4579 

at 

(62 + 9-76) 

m 

P) 

0 

J) 

do. 

% 

ej 

= 

23 

+ 

16 + as 

n. 







= 

+• 

2755 

at 

(62 + 8-18) 

a 

a" 

0 

7 t 

do. 

^10 


19 

+ 

30 

+ 

21 

+ 

i 64-22 

2 




+ 

2205 

at 

(62 +10-87) 

0 

1 

}> 

do. 

^11 

= 

24 

+ 

26 

+ 

27 

+ 

28 

+ 

29 

+ 

25+30 

2 

= 

+ 

4745 

at 

(62 +10-81) 


7 i 

358 ^ 3 S 97 and 359 & 360 

^12 

= 

24 + 

28 

+ 

29 

+ 

^3+30 

2 



= 

+ 

2627 

at 

(62 +11-95) 


)> 

do. do. 

<’13 

=: 

26 

+ 

27 

+ 

28 

+ 

29 

+ 

31 

+ 

25 + 30 

2 


+ 

4269 

at 

(62 +10-64) 


i > 

do. 

<’11 

= 

^5 

+ 

27 

+ 

28 

+ 

29 

+ 

31 

+ 

26+30 

2 

= 

+ 

4108 

at 

(62 +10-55) 


77 

do. 

ei 5 

= 

26 + 

2 . 5 - 

+30 

a 






= 

+ 

2 168 

at 

(62 + 9-02) 


77 

3^9 & 360, and after moast ; 

<' i 8 

=: 

32 

+ 

3 + 

+ 

ss 

+ 

36 

+ 

37 

•+ 

33+38 

2 


+ 

4062 

at 

(62 + 9-25) 


after tliG measurement. 

% 

= 

33 

+ 

34 

+ 

35 

+ 

36 + 37 

4 - 

32 + 38 

2 


+ 

37<^4 

at 

(62 + 9-23) 



do. 


Aud from the foregoing, we obtain the following equations for the microscope errors 
per set (or m.e .) ; where dE expresses the error in the adopted value of the expansion for the 
(j-inch scales. 


(OT.e.)i = 

^1 <’1 _ 

+ 5275 - 

6 X 

19-73 

applicable to sets Nos. 

1 to 24 

2 

(vi.e.)s = 

^3 + <^8 _ 
2 

+ 5377 - 

6 X 

19-55 


set No. 

25 

(m.e.)g = 

<?3 + <^5 _ 
2 

+ 5419 - 

6 X 

19-57 

77 

sets Nos. 

26 to 173 


_ 

+ 4871 — 

6 X 

i6'46 dJE 



174 to 266 

2 


77 

77 

(m.e.)s = 

<^9 + _ 

2 

+ 246:^ — 

2 X 

8*6o 

77 

set No. 

3II1 

(m.c.)j - 

®10.+ % _ 
2 

+ 2416 — 

4 X 

ii“4i c?-® 

77 

77 

3 iia 

= 

+ % _ 

■ ' 2 ■ 

+ 4662 — 

6 X 

10*29 dJE 

77 

sets Nos. 1 

267 to 310 and 
312 to 359 

(m.e.)g = 

® 1 S+ ®16 _ 
2 

+ 4166 — 

6 X 

9 VS 

77 

77 

360 to 484 

(OT.e.)9 = 

® 14 + % _ 

'■ ' 2 ■ 

+ 3926 - 

• 6 X 

9*89 

77 

' ' : 7 ) ' 

485 to 552 
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Microscope Comparisons — (Oontiraed.) 


Hence the total microscope errors are as follows, 


md feet of A 

r 34 (m.e)j = + 136600 — 3841 flE = + ’0106 — 3S41 dB 

In sets Nos. I to 173 = ■< 1 = + 5377 — 117 = 4- ‘0004 — iiy dB 

A148 = + S03013 — 17378 dB = + ’0668 — 17378 dB 


III sets Nos. 174 to 359 = 


93 (m.e)^ = + 453003 - 
I (m.e)g = -f 3463 — 
:t (m.e)g = + 3416 — 

93 (m.e)y = + 438904 — 


In sets Nos. 360 to 553 = 


r 135 (m.e)f, = + 530750 - 
\ 68 (OT.e)a = + 367648 — 


sum = 

= + 

*0778 •- 

30336 

dE 

9185 dB = 

= + 

'0378 - 

9185 

dE 

17 dB = 

= + 

•000a 

17 

dE 

46 dB = 

- -j- 

■0003 — 

46 

dE 

5680 dB = 

= + 

•0357 - 

5680 

dE 

sum = 

= + 

■0739 - 

14938 

dB 

7463 dB = 

= + 

•0434 - 

7463 

dE 

4035 dE = 

= 4. 

•0333 — 

4035 

dE 

sum = 

= + 

•0657 ~ 

11498 

dE 



Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally ; i.e in terms 
of the 6-irich brass scale A. But from page ( 31 ), we have 2 A = i ’0000 193 value in. 
1835 . Also tlie coefficient of expansion for brass, has been taken at '000,010,417 in the fore- 
going reductions, whereas it appears from page ( 17 ) that *000,009,855 is a more probable value. 
Accepting the latter, it may be found that dE = 3*373 (m.i). Hence, remembering that the 
lengtli measured with a set of microscopes is equal to 3 feet of H 4 * the corresponding (m.e) 
wo have, 


Total lengths measured with the compensated microscopes 


In seta Nos. i to 1731 
or S. End to Stii. A ‘ J 

„ Nos. 174 to 35y\ 

or Stn. A. to Stn. B. j 

„ Nos. 360 to 553 1 
or Stn. B. to N. End j 

„ Nos. I to 553*1 
or S. End to N. End j 


feet of A 

. = 1^173 X 3 + *0778 30336 
. =-l^ 1 86x3 + *0739^— 14938 
• =j^i93X3 + ‘0^57j"~ 11493 


feet of 

dB = ( 519*0878 -• *0057) = 
dB = ( 558*0846 — *0043) s= 
dB = ( 579*0768 — *0033) = 


A 

519*0831 

558*0804 

579 '° 73 ^ 


= (1656*3492 ’0131) = i656-336i 
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DETAILS OF THE MEASDEEMENT. 


Disposition of the bars and microscopes during the measurement. 

The following typical illustrations show the pernautations and combinations of the bars 
and microscopes during the measurement. The instruments are here named in the succession 
that actually occurred, commencing from the rear-end of a set ; and the numbers assigned to 
the illustrations, will be found employed in the tables of “ Extracts from the Field Book &c.” 


Bar Illustration. 


No. 1 No. 2 No. 3 



E 

H 


Statement. 

No. 1 occurs in. sets Nos. i to 310, 312 to 316 and 

317 to 35a. 

No. 2 „ setNo. 31I1. 

No. 3 „ No. 3111,. 


Microscope Illustration. 


No. 1 No. 2 

No. 3 

No. 4 

No. 5 

iRI 

1 

_J 


iTl 


iin 

iRI 

T 

T 


R 


T [ 

N 

M 

M 


M 


iS J 

0 [ 

N 

^ N ' 

!>. 

N 



U I 

0 

0 1 


0 



isj 

P 

u 


u 




isj 










Statement. 




No. 1 occurs in sets Nos. 1 to 34, 

No. 2 „ Nos. 36 to 310, 313 to 3t6 & 

317 to 484. 

No, 3 „ Nos. 33 and 48? to 

No. 4 „ set No. 3111. 

No. 5 „ No, 3112. 


Extracts from the Field Booh of the measurement, and calculated heights of sets above the origin. 

Adopted heights above mean sea level. 

South-End (origin) = 3io‘6 feet. 

North-End (terminus) = i8o’8 feet. 


1862 

- 1.3 

<13 

w. 

0 

tS 

*s 

6 

4 

■s 

g 

5 

§ 

P 

m 

Mean time of U 
ending ^ 

i 

<D 

C3 rt 

^ s 

1 

ITumeral 
sliewing 
arrange- 
ment of 

1862 

4 P 

<D 

m 

0 

il 

Temperature of Air 

Mean time of 
ending 

No. of bars used 

Heiglit of Set above 
origin 

Numeral 
shewing 
arrange- 
ment of 

cS 

u 

(d 

R 

Micros: 

1 

i 

u 

i 



0 

h. m. 

feet 





0 

Ti. m. 


feet 


■ 

13 th Dec, 

I 

85-3 

0 35 P.K, 6 + 0*9 

T 

I 

15 th Dec. 

9 

85'4 

i 0 P.WC, 

6 

— 10-9 

I 

0 


2 

87’.5 

I 56 6 

- o '5 

I 

I 


10 

86-5 

I 5a 

6 

I2'4 

I 

B 


3 

85-8 

2 56 6 

i ^*4 

I 

I 


II 

82-3 

a 35 

6 

I 3'9 

I 

I 


4 

85-6 

3 45 <5 

a -5 

I 

I 

16 th „ 

12 

62-3 

6 30 A.111, 

6 

14'8 

I 

X 

15 th „ 

5 

607 

6 50 A.M. 6 

3-6 

I 

I 


13 

69'5 

8 15 

6 

L 5'9 

X 

I 


6 

66-3 

7 54 6 

4*8 

I , 

I 


14 

73-5 

9 3 

6 

17-4 

X 

I 


7 

76'o 

10 0 0 

n 

I 

I 


15 

77;3 

9 45 

6 

18-3 

I 

I 


8 

83'3 

0 15 P.M. 6 

p-o 

I 

X 


16 

82*7 

11 40 

6 

19-4 

I 

I 


Note— TLe rear-end of set No. 1 stood exactly over the dot at South-End. 
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Extracts from the Field Book — (Continued.) 



December 20th. Drizzling rain the whole day. 
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yiii. 


Extracts from the Field Booh — (Continued.) 


1862-63 


Mean time of 
ending 


Numeral 
si 10 wing 
arrange- 
nieiiL of 


18G2-63 


Mean time of oa 
ending , 


Numeral 
she wing 
arrange- 
ment of 



0 

h. m. 


feet. 

II7 

78-3 

I 8 P.M. 

6 

— 74-2 

II8 

78-0 

I 35 

6 

74’9 

II9 

78-3 

I 57 

6 

7'^'5 

120 

77'9 

2 27 

6 

y6'2 

I2X 

77'(5 

a 58 

6 

73-9 

122 

7 7 '3 

3 33 

6 

74-2 


6p'2 

6 40 A.M. 

6 

74 '3 

124 

69' 6 

7 19 

6 

7,37 

125 

7''3 

7 5° 

6 

7a‘6 

126 

J2'0 

8 15 

6 

7r8 

127 

74-8 

8 42 

6 

. (^ 97 

128 

777 

9 TO 

6 

68-3 

129 

79-6 

9 35 

6 

<^7'5 

^30 

84-3 

n 10 

6 

6fi-6 

13 I 

84' 5 

1 1 40 

6 

66-6 


136 83-8 

137 83*a 

138 59*8 

139 6i'3 

140 64* 

14 1 66*4 


144 73*5 

145 77*5 

146 )8*5 


O 10 P.M. 

o 55 


3 3^ 

6 30 A,M. 

7 ' 

7 3 ^ 

8 .3 
8 30 

8 59 

9 '-^5 

10 54 

11 31 



29 tli Deo. 147 8o-6 
148 8r8 

J 49 83 '5 

150 84-3 


154 87-4 
87*6 
1^6 8r4 
L57 58 -a 


160 6r7 

161 63-7 

162 65*3 

163 67*7 

164 69*9 

165 717 

166 77*5 

167 79-8 

168 81-7 

169 83-3 

170 84*4 

1 71 83*4 


Vi. ?7i. 

II 52 A.M. 
O 16 P.H, 

0 43 
“ J: 7 

1 

J 54 

2 20 

2 41 

3 8 

3 ^9 

6 38 A.M. 

6 56 

7 25 

7 47 

8 10 
8 31 

8 53 

9 14 
9 39 

II < 

II 29 
II 51 
O 13 P.M, 

0 41 

J 5 

1 ^5 
I 47 


Total — 9826*9 


The dot denoting Station A was fixed exactly in. the normal at the advanced-end of set No. 173. 

Height of soL No. 173 above Station A = 1'7 feet. 

Tlie” terminal point of set No. 173 was the point of origin for set No. 174. 

The dots denoting Posterity-Marks Nos, 1, 2 and 3 were fixed exactly in the normal at the advanced-ends respect- 
ively of sets Nos. 6 , 12 and 18. 


31 st Deo. 174 8 1 '6 

175 84-5 

176 85'.3 

177 86 'o 

178 86-8 

179 88’2 
i8p 88-8 

181 89'6 
18a 88-a 
183 887 
Ist Jan. 184 6 i'4 
183 66-3 

186 667 

187 677 

188 68-6 


1 1 45 A.M. 
o 23 r.M. 

0 49 

1 10 

I 32 
1 53 
a 17 
a 43 
3 <5 

3 ^7 

634 A.M. 

7 I 

7 26 

7 5^ 

8 10 



1st Jan. 


189 6g'8 

190 7 1 '4 

191 73-4 
19a 77-3 

193 787 

194 79'7 

195 Si’a 

196 8i’4 

197 8a7 

198 83-3 

199 84-9 
aoo 85'3 
aoi 83 '6 
aoa 817 


8 31 A.M. 

8 5'-^ 

9 II 

10 3a 

10 3a 

11 12 

II 31 
II 48 

0 14 P.M. 

P 39 

1 I 

1 24 
I 45 
• 2, 6 

a 34 
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Extracts from the Field Booh — (Continued.) 
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1863 

• 4 ^ 

CD 

m 

6 

5 ^ 

Temperature of Air 

Mean time of 
ending 

Tj 

CD 

130 

P 

m 

•s 

Heiglit of Set above 
origin 

Humeral 
shewing 
arrange- 
ment of 

1863 

<4J> 

0 

U1 

<D 

*0 

Temperature of Air 

Mean time of 
ending 

GQ 

'o 

Height of Set above 
origin 

Htiiiioral 
shewing 
arrainge- 
ment of 

m 

P=} 

Micros : 

c 3 

R 

Micros : 



0 

h, m. 


feet. 




' 

0 

7 i. 


feet. 



1 Lst Jan. 204 

807 

3 56 P.M. 

6 

- 97-1 

I 

2 

6tli Jan. 

^64 

77 -x 

9 6 A.M. 

6 - 

- 125*5 

T 

2 


205 

8o’8 

3 20 

6 

97'9 

1 

2 


265 

78-4 

9 27 

6 

125-6 

X 

2 

2 nd „ 

206 

637 

6 33 A.!!. 

6 

96-8 

I 

2 


256 

82-6 

TO 52 

6 


I 

2 


207 

62-3 

7 0 

6 

97-0 

I 

2 


267 

84-7 

XI 16 

6 

126*5 

I 

2 


208 

63 'O 

7 34 

6 

97-1 

I 

2 


358 

85-2 

XI 36 

6 

126-5 

X 

2 


209 

64'3 

7 4<5 

6 

97'4 

I 

2 


269 

87-3 

xr 58 

6 

135-9 

X 

2 


210 

65-5 

8 5 

6 

97'4 

I 

2 


260 

87-6 

0 24 P.M. 

6 

126*9 

I 

2 


2 XX 

67-4 

8 35 

6 

.■987 

I 

2 


261 

87-8 

0 46 

6 

127-7 

X 

2 


212 

6g'i 

8 46 

6 

98-2 

I 

2 


262 

88-5 

I 7 

6 

126*8 

I 

2 


213 

yi'2 

9 7 

6 

98-8 

I 

2 


263 

88-5 

^ 31 

6 

127-1 

I 

2 


214 

717 

9 26 

6 

987 

I 

2 


264 

89-1 

X 32 

6 

128-1 

X 

2 


2t5 

76-3 

10 47 

6 

99 '3 

I 

2 


265 

88-q 

2 J 4 

6 

128*6 

I 

2 


216 

■jS'6 

11 12 

6 

99'6 

I 

2 


*266 

86- 1 

2 46 

6 

129 0 

X 

2 


217 


11 31 

6 

1 00*^5 

I 

2 

12th „ 

367 

61*7 

6 33 A.M. 

6 

129*2 

X 

2 


ai8 

83'6 

0 3 P.M. 

6 

10 j'8 

I 

2 


368 

63-8 

7 26 

6 

129*2 

X 

2 


219 

84-3 

0 34 

6 

104*1 

I 

2 


269 

67-0 

8 0 

6 

130*2 

1 

2 


220 

84-4 

I 6 

6 

^° 5'9 

X 

2 


370 

69*1 

8 27 

6 

130-0 

I 

2 


22 1 

84-9 

I 38 

6 

io8'4 

I 

2 


271 

71-3 

8 64 

6 

130*5 

1 

2 


222 


2 3 

6 

io8'8 

I 

2 


272 

737 

9 J 9 

6 

^ 31-6 

1 

2 


223 

80-3 

2 32 

6 

io8'9 

I 

2 


273 

79'2 

xo 57 

6 

13 1 -2 

I 

2 


224 

8 . 5'3 

3 10 

6 

IlO'J 

I 

2 


374 

82*2 

II 18 

6 


I 

2 



84 4 

3 3<5 

6 

11 1*9 

!• 

2 


276 

83-8 

Ji 41 

6 

131-8 

I 

2 

6 th „ 

226 

68*2 

6 30 A.M. 

6 

H 3’3 

I 

2 


376 

83-2 

0 6 P-M. 

6 

132-7 

I 

2 


227 

69-3 

7 25 

6 

1 13-6 

I 

2 


377 

83 '9 

0 32 

6 

mi 

X 

2 


228 

71*2 

7 4'5 

6 

ii 4‘3 

1 

2 


378 

« 6‘3 

0 58 

6 

133 ‘3 

I 

2 


229 

72‘3 

8 8 

6 

ij: 4'3 

I 

2 


379 

86-4 

I 22 

6 

^ 33*5 

X 

2 


230 

74’3 

8 31 

6 

“ 5 '3 

I 

2 


380 

863 

^ 47 , 

6 

^33 

X 

2 


331 

76*2 

S 67 

6 

115-1 

I 

2 


381 

877 

2 19 

6 

JC337 

X 

2 


232 

777 

9 18 

6 

115-1 

X 

2 


382 

88-3 

• 2 41 

6 

^ 33-0 

I 

2 


233 

84*2 

Jto 33 

6 


X 

2 


383 

87*2 

.? <5 

6 

J 3 , 3'6 

X 

2 


234 

,84-8 

65 

6 


I 

2 


384 

86*6 

3 29 

6 

^ 33‘6 

I 

2 


235 

83 '2 

11 19 

6 

IJ 7'5 

I 

2 

13 th „ 

385 

62*1 

6 40 a.m. 

6 

mi 

I 

2 


336 

87-9 

11 41 

6 

117.8 

I 

2 


386 

62*6 

7 17 

6 

mi 

X 

2 


2^37 

88-9 

0 I P.M, 

6 

ii8*8 

I 

2 


387 

63*6 

7 39 

6 

133 ’9 

I 

2 


338 

897 

0 31 

6 

I jp o 

I 

2 


388 

$6 '5 

8 7 

6 

.I347 

I 

2 


239 

90'3 

0 43 

6 

120*0 

1 

2 


389 

67-6 

8 33 

6 

1347 

I 

2 


340 

go '2 

I 4 

6 

120*1 

X 

2 


390 

69-5 

8 56 

6 

43 6 '4 

X 

2 


341 

90'8 

I 30 

6 

120*0 

T 

2 


391 

71-5 

9 2.X 

6 

i35'8 

X 

2 


342 

pri 

^ 61 

6 

121*1 

I 

2 


393 

77-6 

10 42 

6 

I 36'6 

T 

2 


243 

897 

2 II 

6 

I 2 1 *4 

X 

2 


393 

79'3 

11 10 

6 

1367 

X 

2 


344 

89' I 

3 32 

6 

122*0 

X 

2 


394 

80-7 

34 

6 

136-1 

I 

2 


H 5 

87-6 

2 62 

6 

122*4 

X 

2 


296 

82-3 

55 

6 

i 37 'o 

I 

2 


346 

868 

3 13 

6 

122*7 

I 

2 


396 

837 

0 19 P.M. 

6 

137-9 

X • 

2 

6th „ 

347 

67'i 

6 30 A.M. 

6 

124-2 

X 

2 


297 

85-4 

0 44 

6 

136-8 

X 

2 


348 

67'3 

6 36 

6 

124*1, 

I 

2 


398 

86-9 

1 13 

6 

136-9 

I 

2 


349 

687 

7 21 

6 

124-4 

I 

2 


299 

86-8 

I 40 

6 

I 37-9 

I 

2 


350 

7°'3 

7 41 

6 

124-4 

X 

2 


300 

88-1 

2 7 

6 

138-7 

I 

2 


351 

7i'8 

8 a 

6 

125*0 

I 

2 


301 

88-3 

2 29 

6 

138-7 

I 

2 


353 

73 •3 

8 23 

6 

125*5 

I 

2 


303 

89-0 

2 52 

6 

138-9 

I 

2 


253 

75’<5 

8 44 

6 

126*2 

I 

2 


303 

89 '3 

3 ^3 

6 

138-7 

I 

2 


* The advanced-end of set No. 266 fell in excess (ie. north) of the dot denoting Posterity-Mark M 0'6552 feet as 
measured on Cary’s brass scale with a beam compass. ’ 
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Extracts from the Field (Continued.) 


4^ 

<D 

Ul 

1 

“s 

<D 

Mean time of 

•Tj 

rii 

§ 

0 

■ 

-§ 

4 ^ 

<D* d 
tip 

Numeral 
sliewing 
arrange- 
ment of 

<D 

U 1 

CD 

0 

0 

Mean time of 

rd 

0 

B 

m 

u 

0 

g 

60 

Numeral 
sliewing 
aiTange- 
.ment of 

1803 c.. 

0 

!!■ 

53 

& 

9 

0 

B 

ending 

rQ 

6 

3 

•SP 

w 

no 

u 

pq . 

rn 

0 

1 

i 8 bB ch 

0 

0 

l2i 

i 

0 

H 

ending 

Ch 

0 

1 

s 

i 

CO 

U 

d 

w 

CO 

0 

S 

• H 

a 

14 th Jan. 304 

0 

61-7 

/l m. 

6 34 

6 - 

feet. 

- 139'4 

I 

2 

15 th Jan. 333 

0 

82-4 

h. m. 

II 35 A.M. 

6 

feet. 

I 47'5 

I 

2 

30 j 

62*0 

7 ^ 

6 

I 39'4 

I 

2 

334 

83 '3 

II 59 

6 

I 49’3 

I 

2 

306 

63-1 

7 27 

6 

140-1 • 

I 

2 

335 

84'5 

0 37 P.M. 

6 

150-8 

I 

2 

307 

64-4 

7 54 

6 

1397 

I 

2 

33<5 

85-6 

0 51 

6 

151-0 

I 

2 

308 

66-4 

8 18 

6 

139-6 

I 

2 

337 

87 '5 

X 14 

6 

149'9 

X 

2 

309 

68-0 

8 43 

6 

140-4 

I 

2 

338 

88-1 

I 37 

6 

150-0 

I 

2 

3JO 

70-0 

9 4 

6 

140-9 

I 

2 

339 

89-7 

a 4 

6 

1497 

I 

2 

31^1 

74’2 

9 34 

2 

141-.5 

2 

4 

340 

90-2 

a 34 

6 

150*0 

I 

2 

31a 

78-7 

10 46 

6 

I 4 i’ 5 . 

I 

2 

341 

88-3 

55 

6 

15 1 ‘5 

I 

2 

313 

8o-<; 

II u 

■6 

141-8 

I 


342 

85-6 

3 

6 

L 53‘<5 

I 

2 

3 H 

8o’6 

II 33 ■ 

6 

141-9 

1 

2 

loth 5, 343 

62-2 

6 37 A.M. 

6 

155 '° 

I 

2 

3 L') 

83-7 

II 32 

6 

143-0 

I 

2 

344 

62-3 

7 5 

6 

155 ■'5 

I 

2 

316 

84'a 

0 14 P.M. 

6 

143-1 

I 

2 

345 

64*1 

7 31 

6 

154-4 

I 

2 

31I3 

83-1 

0 3'5 

4 

143*1 

3 

5 

34<5 

67*0 

7 5'5 

6 

152-5 

I 

2 

317 

857 

I II 

6 

144-0 

I 

2 

347 

■68-7 

8 25 

6 

150-7 

1 

2 

318 

877 

I 48 

6 

144-1 

I 

2 

348 

7 i '3 

8 52 

6 

h 5 o '3 

I 

2 

319 

897 

2 17 

6 

143-0 

I 

2 

349 

73’5 

9 IX 

6 

150-4 

I 

2 

3ao 

89-3 

2 37 

6 

i 45'4 

I 

2 

350 

74-8 

9 3a 

6 

i 5 o ’3 

I 

2 

3ai 

88-4 

2 59 

6 . 

t 4 . 5'9 

I 

2 

351 

797 

10 50 

6 

L 5°‘5 

I 

2 

323 

87-3 

3 20 

6 

H 5'5 

I 

2 

352 

81-5 

IX 9 

6 

151-5 

I 

2 

15 th „ 323 

6a-2 

6 35 A.M. 

6 

H 5'4 

I 

2 

353 

81-7 

II 31 

6 

151-0 

X 

2 

3 H 

63-2 

7 10 

6 

146-0 

1 

2 

354 

82-3 

II 52 

6 

150-7 

I 

2 

325 

64-3 

7 34 

6 

146-1 

I 

2 

355 

84*2 

on P.M. 

6 

150-7 

I 

2 

326 

65-6 

7 5 ^ 

6 

146-7 

I 

2 

35<5 

85-6 

0 32 

6 

1507 

I 

2 

327 

67-3 

8 15 

6 

146-3 

I 

2 

357 

86-3 

0 54 

6 

150-0 

I 

2 

328 

69-2 

8 43 

6 

i 45'9 

I 

2 

358 

877 

I 18 

6 

150-9 

I 

2 

320 

7o‘6 

8 59 

6 

146-6 

I 

2 

17 th „ 359 

63 '3 

6 55 A.M. 

6 

149-8 

I 

2 

330 73’ci 9 24 6 146*0 

331 8o'o 10 55 6 147-1 

33a 80-7 II 14 6 I 47‘<5 

The dot denoting Station B was fixed exi 
Height of set No. 359 above Station B 
The terminal point of set No. 359 was 1 

19 th Jan. 360 63-6 634 A.M. 6— 149‘5 

I 

I 

I 

ictly h 
= 1*2 
:ho poi 

I 

2 

2 

2 

1 the n 
! feet, 
nt of ( 

2 

Total — 23 199-8 

lOrmal at the advanced-end of set No. 359 . . 

wigin for set No. 360 . 

| 19 thJan. 373 86-8 i ii p.m. 6—151*1 

I 

2 

361 

64-6 

7 5 

6 

149-4 

I 

2 

374 

87*0 

I 29 

0 

151 ’3 

I 

2 

362 

66-6 

7 29 

6 

149-2 

I 

2 

375 

88-2 , 

I 49 

6 

152-4 

I 

2 

363 

68-2 

7 52 

6 

130-1 

I 

2 

375 

88-2 

2 13 

6 

152-0 

I 

2 

364 

69-2 

8 14 

6 

I 49'9 

I 

2 

.377 

89'3 

2 36 , 


152-r 

I 

2 

365 

71-6 

8 38 

6 

150-6 

I 

2 

378 

897 

2 55 

6 

152-2 

I 

2 

366 

73-6 

8 38 

6 

150-7 

I 

2 

379 

88-3 

3 17 

6 

152-6 

I 

2 

367 

76-3 

9 26 

6 

150-6 

I 

2 

20th „ 380 

65-8 

6 35 A.M. 

6 

1527 

I 

2 

• 368 

82-4 

II 33 

6 

150-2 

X 

2 

381 

66-4 

7 13 

6 

153-8 

I 

2 ' 

369 

83-2 

II 47 

6 

151-2 

I 

2 

382 

^ 7'5 

7 37 

6 

153 •<? 

I 

2 

■ 370 

84-2 

0 10 P.M. 

6 

151-1 

I 

2 

383 

68-6 

8 0 

6 

153-8 

I 

2 

371 

85-1 

0 30 

6 

15 1 -0 

I 

2 

384 

^ 9'5 

8 22 

6 

155-3 

r 

2 

372 

86-2 

0 30 

6 

150-8 

I 

2 

385. 7 i '5 

8 45 

6 

156-6 

X 

2 
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Extracts from the Field Book — (Continued.) 
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! 
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0 
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1863 

-P 

w 

© 

Cw 

0 

u 

0 

CD 

S 

u 

CD 

• 1 

rd 

Q 

05 

Mean time of § 
ending 

6 

A 

0 

t.. 

0 

-§ 

9? d 

too 
^ “rl 
® 0 

■to 

'q> 

W 

Numeral 
shewing 
arrange- 
ment of 

05 

s 

w 

05 

§ 

% 

1 

« 

05 

g . 
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0 

Jl m. 


feet. 





0 

k m. 


feet. 



20th Jan. 

386 

7a'8 

9 14 AM 

6- 

-138-6 

I 

2 

32nd Jan. 435 

86-q 

0 0 P.M 

6- 

-163-8 

I 

2 


387 

777 

JO 40 

6 

U59'3 

I 

2 


4.3d 

88-0 

0 2;j 

6 

163-9 

I 

2 


388 

79’3 

II 4 

6 

159-9 

I 

2 


437 

9^'5 

0 46 

6 

163-4 

I 

2 


389 

807 

II H 

6 

159-6 

I 

2 


438 

89-7 

I 3 

6' 

163-1 

I 

2 


390 

82-3 

II 46 

6 

159-6 

I 

2 


439 

88-4 

I 3(5 

6 

163-4 

I 

2 


39^ 

84'i 

0 9 P.M. 

6 

i6o‘7 

I 

2 


440 

88-3 

1 50 

6 

163-4 

I 

2 


392 

84-6 

0 ap 

6 

i6o'6 

r 

2 


44X 

89-8 

2 13 

6 

162-3 

I 

2 


393 

857 

0 30 

6 

i6o'8 

I, 

2 


44 a 

90*1 

a 34 

6 

162*0 

t 

2 


39 ^ 

86-3 

I 17 

6 

161-3 

I 

2 


44.3 

89-9 

2 33 

6 

163-9 

I 

2 


395 

88-3 

I 40 

6 

161-8 

X‘ 

2 


444 

88-7 

3 20 

6 

163-3 

I 

2 


39 ^ 

88-4 

2 0 

6 

162-3 

I 

2, 

23rd „ 

443 

66-0 

6 43 A.M. 6 

163-3 

I 

2 


397 

88-0 

2 22 

6 

162-0 

I 

2 


44(5 

66-6 

7 7 

6 

163-3 

I 

2 


398 

88-3 

2 42 

6 

x62-2 

I- 

2 


447 

67-4 

7 38 

6 

163-7 

I 

2 


399 

88-8 

3 I 

6 

162-7 

1 

2 


448 

67-6 

7 47 

6 

163-3 

I 

2 ' 


400 

88-4 

3 ax 

6 

163-7 

I 

2 


449 

69-4 

8 8 

6 

163-3 

X 

2 


401 

88-4 

3 5 ° 

6 

163-7 

I 

2 


430 

71-3 

8 27 

6 

163 '2 

I 

2 

21st „ 

402 

64-8 

6 37 A.M. 6 

162*2 

I 

2 


431 

7a -3 

8 47 

6 

163-1 

I 

2 


403 

647 

7 9 

6 

162*3 

I 

2 


43a 

747 

9 16 

6 

j6i'4 

I 

2 


404 

66-2 

7 40 

6 

163-7 

I 

2 


433 - 

81-6 

10 39 

6 

161-3 

I 

2 


40.5 

677 

8 3 

6 

163-7 

I 

2 


434 

83-3 

II 2 

6 

163-4 

I 

2 


400 

68-8 

8 a 3 

6 

163-8 

I 

2 . 


433 

83-3 

II 36 

6 

163-1 

I 

2 


407 

71-8 

8 46 

6 

164-3 

I 

2 


45<5 

84;6 

II 44 

6 

163-3 

I 

2 


408 

73-8 

9 

6 

164-0 

r 

2 


437 

83-6 

0 j P.M. 6 

i( 5.3-9 

1 

2 


409 

^6■6 

9 ’3a 

6 

163-2 

I 

2 


438 

837 

0 23 

6 

1 ( 53-3 

I 

2 


4x0 

8i'_5 

10 46 

6 

163-3 

r 

2 


439 

86-4 

0 43 

6 

163-8 

I 

2 


411 

82-X 

II 9 

6 

163-9 

I 

2 


460 

86-4 

It 7 

6 

163-6 

I 

2 


412 

82-8 

II 28 

6 

166-0 

I 

2 


461 

87-0 

1 29 

6 

163-7 

I 

2 


413 

84-3 

IX 49 

6 

166-7 

I 

2 


46a 

87-3 

1 35 

6 

163-3 

I 

2 


414 

85-2 

0 9 

6 

i66-8 

I 

2 


463 

86-7 

3 18 

6 

164-7 

I 

2 


4 LU 

83-6 

0 29 

6 

166-3 

I 

2 


464 

877 

a 38 

6 

166-6 

I 

2 


416 

8.5 ‘3 

0 49 

6 

167-4 

I 

2 


4(55 

877 

3 3 

6 

166-9 

1 

2 


417 

86-1 

I 14 

6 

168-3 

I 

2 


.466 

87*6 

3 22 

6 

167-3 

X 

2 


418 

85-3 

33 

6 

i68-2 

I 

2 

26th „ 

467 

66*2 

6 40 A.M 

. 6 

i68*8 

I 

2 


419 

877 

1 55 

6 

169-4 

I 

^2 


468 

67*1 

7 12 

6 

1 68 ‘9 

I 1 

2 


420 

88-4 

a 13 

6 

169-8 

I 

2 


469 

^ 9'5 

7 40 

6 

169-1 

X 

2 


421 

88-3 

2 38 

6 

169-3 

I 

2 


470 

71-7 

8 2 

6 

169-3 

' I I 

2 


422 

86'2 

3 

6 

168-8 

I 

2 


471 

74-6 

8 26 

6 

170-3 

I 

2 


423 

85-2 

3 23 

6 

167-8 

I 

2 


47a 

77-3 

8 5x 

6 

169-6 

X 

2 

22nd „ 

424 

66“] 

6 37 -i-M. 6 

167-8 

I 

2 


473 

79-3 

9 17 

6 

168-7 

I 

2 


42 j 

67-4 

7 3 

6 

166-9 

I 

2 


474 

83'4 

JO 33 

6 

169-3 

I 

2 


426 

68-6 

7 a 7 

6 

i66-6 

I 

2 


475 

84-0 

lo 39 

6 

■171-4 

I 

2 


427 

6^-0 

7 4(5 

6 

i66*i 

I 

2 


476 

83-3 ■ 

II 33 

6 

173-0 

I 

2 

, 

428 

707 

8 9 

6 

1 ( 537 - 

I 

2 


477 

87‘3 

II 43 

6 

173-3 

1 

2 


429 

717 

8 32 

6 

i66'o 

I 

2 


478 

87-7- 

0 3 P.M* 6 

. 173-6 

I 

2 


430 

73’3 

8 33 

6 

166-3 

X 

2 


479 

88-7 

0 26 

6 

i 73 ‘i 

I 

2 


431 

75 'S 

9 H 

6 

167-1 

I 

2 


480 

89-1 

0 43 

6 

173-8 

I 

2 


43a 

81-4 

10 33 

6 

166-0 

I 

2 


481 

88-7 

I 7 

6 

174-0 

I 

2 


433 

83-0 

59 

6 

163-8 

I 

2 


48 a 

87-6 

1 37 

6 

174-6 

I 

2 


434 

83-2 

II 30 

6 

163-2 

I 

2 


483 

87-0 

1 57 

6 

176-3 

I 

:i 
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Extracts from ih Field Boole — (Ooutinued.) 
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k m . 
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26 tli Jan. 484 

837 

2 22 P.M 

6- 

-176-3 

I 

2 

28 th Jan. 520 

88-6 

0 12 P.M. 

6- 

-149-7 

I 

3 


485 

86-3 

2 47 

6 

173 '9 

I 

3 


521 

88-8 

0 30 

6 

i 49’6 

I 

3 


486 

85‘4 

3 20 

6 

176-4 

I 

3 


522 

89-0 

0 54 

6 

149-6 

I 

3 

27 th „ 

487 

73 '0 

6 40 A.M, 

6 

174-2 

I 

3 


523 

86-5 

I 16 

6 

147-9 

I 

3 


488 

737 

7 12 

6 

173-6 

I 

3 


Sh 

88-2 

I 39 

6 

147-2 

I 

3 


489 

74-3 

7 39 

6 

172-4 

I 

3 


62.? 

87-6 

2 I 

6 

146-3 

I 

3 


400 

737 

8 4 

6 

172-0 

I 

3 


526 

877 

2 22 

6 

I 46‘2 

I 

3 1 


491 

76-7 

8 30 

6 

172-6 

I 

3 


527 

87-2 

2 47 

6 

146-0 

I 

3 


49a 

78-0 

8 5 ^ 

6 

172*0 

I 

3 


528 


3 9 

6 

145-8 • 

I 

3 


495 

79-6 

9 ^5 

6 

171-1 

I 

3 


5^9 

84-6 

3 3 S 

6 

146 '=^ 

I 

3 


494 

83-6 

10 32 

6 

JyO'O 

I 

3 

29 th „ 

630 

67-0 

6 3 1 A.M. 

6 

1447 

I 

3 


49 .? 

847 

10 32 

6 

168-4 

I 

3 


531 

66*4 

^ 64 

6 

144-0 

I 

3 


49<5 Sc-!? 

II 13 

6 

1677 

I 

3 


63 a 

68-2 

7 17 

6 

143-7 

I 

3 


497 

87-4 

II 33 

6 

166- 1 

I 

3 


.?33 

69-6 

7 37 

6 

142-4 

I 

5 


498 

87-6 

II 33 

6 

i^ 3'5 

I 

3 


634 

72-0 

8 3 

6 

141-3 

I 

3 


499 

86-d 

0 17 P.M 

6 

164-3 

I 

3 


636 

737 

8 29 

6 

140-8 

I 

3 


500 

87-2 

0 39 

6 

164-1 

I 

3 


63<5 

76 -<5 

8 51 

6 

140-2 

I 

3 


501 

88-6 

0 39 

6 

1 ^ 3 '3 

I 

3 


637 

77-6 

9 II 

6 

1397 

I 

3 


joa 

83-5 

t 22 

6 

162-6 

I 

3 


638 

82-6 

10 30 

6 

138-5 

X 

3 


503 

83-8 

I 42 

6 

161-8 

I 

3 


639 

83-6 

10 49 

6 

138-2 

I 

3 


504 

8d'o 

2 4 

6 

160-9 

I 

3 


640 

84-6 

u 11 

6 

137-6 

I 

3 


.?o.? 

86-0 

2 27 

6 

160-2 

T 

3 


641 

86-2 

11 32 

6 

137-0 


3 


Cod 84-8 

2 50 

6 

i 59 'i 

I 

3 


642 

87'6 

11 64 

6 

137-1 

I ' 

3 


507 

84-4 

3 13 

6 

. i 3 i ^‘3 

I 

3 


643 

88-7 

0 20 P.M, 

6 

136-9 

X 

3 

28 th „ 

508 

71-7 

6 37 A.M. <5 

138-0 

I 

3 


644 

897 

0 43 

6 

136-4 

I 

3 
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717 

7 » 

b 

i 37'3 

I 

3 


646 

90-3 

I 4 

6 

134-7 

I 

3 
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72-4 

7 25 

6 

i 3 < 5'3 

I 

3 


64 ^ 

90-7 

I 29 

6 

134-6 

I 

3 



73’3 

7 34 

6 

136-0 

I 

3 


647 

90-6 

I 49 

6 

133-6 

I 

3 
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737 

8 23 

6 

133 '4 

I 

3 
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90-3 

2 12 

6 

132-7 

1 

3 
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7^2 

8 47 

6 

154-1 

I 

3 
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88-1 

2 36 

6 

133-6 

I 

3 
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9 13 

6 

154-0 

I 

3 
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2 5<5 

6 

132-9 

I 

3 
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10 30 

6 

1527 

I 

3 

30 th „ 
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65-6 

6 30 A.M. 

6 

132-4 

I 

3 
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10 49 

6 

133-^ 

I 

3 

■ 
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6 56 
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132-2 

I 

3 
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- 3 o 667'4 



1 

719 

8j-2 

II 3° 

6 

150-4 

I 

3 










January 27 th. Sky covered with clouds througout the day. 

The advanced-end of set No. 552 fell in defect { i . e. south) of the dot at North-End 0’6438 feet, as measured 
on Cary’s brass scale with a beam compass. 

Height of set No. 552 above North-End = 1’5 feet. 



TIZAOAPATAM BASE-LINE 


Eeduction to , Mean Sea Level. 

Let the sections into which this base-line is divided be denoted as follows ; 

South-End to Station A by Section I 
Station A to „ B „ IT 

„ B to North-End „ III 


Then in the notation of ( 7 ) page 


E 

= 311 ; A =- 

- i29‘8 ; 8A = 

+ 3*9; 

Log. R 

= 7'3i 845, and n 

= 552. 
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a n 

dll 

P ■' 
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Cl 

c 
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+ 

— 


+ 

— 

— 

Section I 

... 98^7 

0. 173 

1*2 

9723 

10900 

•0294 

•1628 

•1334 

„ 11 

... a3aoo 

-I-142 186 

I ‘3 

22713 

11719 

*0687 

•1751 

*1064. 

„ in 
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0 193 

1*4 

30038 

12160 

•0909 

•1817 
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Final length of the Base-Line and of ita parts in feet of Standard A, 


Section. 

Measured wi 

t h 

Eeduction 
to sea level 
as above 

Total Length 

Eo". 

Compensated 

bars 

pagoViII_^g 

Compensated 

microscopes 

pagoVIll_j^ 

Beam 
compass 
pages ' 

vin„ to 

S. EndtoStn. A 

10380-5738 

519-0821 

•0000 

-* 'U34 

10899-5225 

4 - 035-40 747 a 

Stn. A to Stn. B 

11160-6203 

558-0804 

'0000 

— " 106 ^ 

11718-5943 

4-06887 551 P 

Stn. B to N. End 

11580-6474 


+ '6438 

■«- *0908 

12160-2740 

4-08494 3360 

S. End to N, End 

■ 33191-8415 

1656-2361 

4 - '6438 

— •33°‘5 

34778-3908 

4’54i39 948 s 


Lengths in feet of Standard A, between South-End and the Posterity-Marh^ at the levels 


of measurement. 


South-End to Postenty-Marlt No. 1 

No. 2 
No- 3 
M 


?| 

n 

>1 


P 

P 


1 with 

Bars 

Micros » 

Be^m compass. 

^ 6 q ’ oxsiQ 

18-0027 

•0000 

720-0398 

36-0056 

'0000 

1080-0597 

54 ' 0 o 83 

*0000 

1 5960-8823 

798-1226 

-r'6552 


GCotaJ. 

3 )8*02^6 

756-0454 

ii54’o6,8o 

id758'3497 
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Verificatory Minor Triangulation. 


o 





Distance 

in 

^ SP 

d § 

' Ifamo of Station 

Corrected Anglo 

Log. Sine 

Log. Distance 

Peet 

Miles 

0 s 

sh 2 

1 

South-End of Base^ 

Station A, ... 

JSTandi H.S., »*. 

o / n 

69 48 3T1^^ 

54 27 38-889 

55 43 43 '41 3 

9-972460259 

9-910473937 

9*9x7180162 

4-092687569 

4-030701247 

4-037407472 

10899-3223 

2*064 

n 

— 0*610 



180 0 0’030 






2 

Station A, ... 
l!^^andi H.S., 

Ganiwada H. S. , 

61 35 i< 5 * 5 r 3 
34 40 54750 
83 42 48-757 

9-944327989 

9755137086 

9-997380644 

4 'o 39<534914 

3- 85043401 I 

4- 092687569 



-l-o- 35 ° 



180 0 0‘020 






3 

Station A, ... 

Ganiwada H. S 

Station B, 

<53 5 ^ 5 ‘035 
79 34 i 6 - 7 i <5 
36 ap 38*269 

9 ’ 9534 i 8535 

9-992763959 

977433575‘5 

4*029526790 

4*068874205 

3*850434011 

11718-3588 

2*219 

+ 0*020 



180 0 0’020 






4 

Ganiwada H.S., 

Station Bj ... 

Dasalapalam T.S., 

5° 47 9 ' 3 J :^5 

57 44 57795 
71 27 52*909 

9-889183537 

9*927227675 

9-976866930 

3-941843377 

3-979887313 

4*029526799 



— 0*560 



180 0 0*020 






5 

Station B, ... 

Dasalapalam T.S., 

ISTorth-End of Base, 

85 45. 20*897 

57 5 43-844 
37 8 56-289 

9-998807391 

9-924059321 

9-780957408 

4 'i 39 ' 5 § 336 o 

4 *o 8404 < 29 o 

3-941843377 

12160-3280 


+ 2*0X0 


.. 

180 0 0*030 






6 

South-End of Base, 

Station A, ... 

Gumm H.S., 

59 3 38-303 
73 50 38-975 
47 <5 3-752 

9-933328810 1 

9-982495074 

9-864838428 

4-103897834 ■! 

4-133064118 

4-037407472 

10899-3223 

2*064 

+ 0*580 



180 0 0*030 






7 

Station A, ... 

Gumrn H.S., 

Raipili P.S., 

52 58 29*416 
55 0 18-957 

72 I 11*657 

9-902204812 

9-913392450 

9-978235312 

4-029847334 

4*o4i034Q02 

4-103897854 



— I * 400 



180 0 0*030 






8 

Station A, . . . 

Raipili P.S., 

Stations, ... 

33 II 1-172 
67 4 13 '504 
59 44 45 744 

9-903394154 

9-964252253 

9-936413041 

4*008016105 

4*068874204 

4*041034992 

11718-3588 

2*219 

+ 0*640 



180 0 0*020 


- 
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Vmjicdori Minor Iriasuhtm. 


0 

4j h 

0 M 





Distance in 

tw (D 

1’ 

• s 

0 (S 

H 

Kamo of Station 

Corrected Angle 

Log. Sine. 

Log. Distance 

Feet 

Hilei 

S 

9 

Raipili P.S.j 

Station B, 

Alamanda H.S., 

0 1 11 

48 39 i6'6o3 

6j 58 

4 - 9 jo 

9 ' 8 j 549 oi)i 

9 ' 96 o 65368 i 

9 ' 9 iWn 

3*924940599 

4’oioi04io9 

4'oo8oi6io5 



-ro6o 



180 0 0'020 






10 

Station B, 

Alamanda H.S., 

NorMnd of Base, 

H iS 39 '“? 
82 2j 29‘9JI 
43 i ) 5»’842 

9 ’ 9094;?8428 

9 ' 996 i 93328 

9'836i8864o 

4*08:1945287 

3*924940599 

12160*3279 

rjo3 

— 0*250 



180 0 0‘020 


Sum 

34 ? 78'4093 

6*586 



KoTS,-Eacli side of a triangle is giwn in tlio same liorkontal lino mill tlie angle wliicli it subtends. 

The anffles of the Torillcatory triangelatioa were measured with Troughtou and Simms' 
2-foot Theodolite No, 1, read by 5 micrometer microscopes, At all the stations 2 measures were 
taken on each of 12 zeros. The stations on the line are S, End, A, B, and N. End,-The 
auxiliary stations are Nandi HE,, Ganiwada ES,, Dasalapalam T,S,, Gumrn ES,, Eaipii P,S, 
and Alamanda ES. 
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Comparison in feet between the values computed by means of the verificatory triangulation 
^ and the measured value. 


Of the entire line. 

South-End to North-End by the measurement, page YIII — ■) /««« ^^ 9 - 

'^7534778-3908 4-541309483 

„ computed in terms of South-End to Station ) 

^ A, page Vin_^^ ^34778*4093 4*541309744 

Log. computed value — Log. measured value = -j- o-ooo 000 2,3 1 


In terms of the entire line by measurement. 



Computed 

Computed 

Moasured^ 

South-End to Station A ... . 

10899-5167 

0-005 8 

Station A to Station B . . . . 

11718-5526 

—0-0417 

„ B to North-End .... 

12160-3215 

+0-0475 


Of each section hi terms of the others. 



Soubli-Eud 
to Station A 

Station A to 
Station !B 

Comptitod 

Measured 

Station B to 
North-End 

1 

Computed 

MeiiBurcd 

Measured lengths*- 

10899-5225 

11718-5943 

. . • . j 

12160-2740 

• • 

Computed on base 1 

South-End to Station A J 

r '■ 

11718-5588 

-•0355 

1 

12160-3280 

0 

p 

+ 

Computed on base 1 
Station A to Station B J 

^ .. 

• • 

.. 

12160-3648 

-1--09 o 8 


Note. — S ince Loggtx + dx) = hoggX -f + ' ^f^j 4- <tc. 

X Ax** 

Logic )- Logio a; ^ nearly, by wMch expression the required 

variations in the foregoing natural numbers have been calculated. 



YIZiGAPATAM BASE-LINE 


VIII. 


Description of Stations. 


31 


SOUTH-END OP VIZAGAPATAM BASE, Lat. 17“ 5G', Long. 83“ 14',' is sitnatel 
in the Pedagadi taluk of tlie Vizagapatam district, on the northern slope of the rocky ridge 
running East and West between Gutnrukonda and Nandimetta. The village of Bulgottam lies 
about 1 of a mile to the E.N.E., that of Kotevalsa being about 3 miles distant. 

It was built in tlie first instance as a simple platform station, with 3 circular rnarks<-one3 each 38" in 
diameter, and 6" thick placed vertically over each otlier, the lowest stone resting on hard cliry 2 feet below the surface 
of the ground, with a 4-iiich layer of masonry between the bottom and middle stone and a U-iiich layer between the 
middle and top stone. Subsequently a wall of cut stone masonry 1^- feet thick and forming an enclosure 5 10'' square, 
was built round the markstones to the depth of 4 feet below the ground for the bctti r protccdon of the marks and to 
serve as a foundation for the dome erected over the station. The mark as usual is repi'eseuted by a dot on silver iu a brass 
plug let into the atone. Each of the 3 stones has this mark, the two upper ones being carefully plumbed over the 
lowest. The uppermost mark is the one to which the measurement was referred ; it is protected by a brass plate about 
1" iu diameter carrying a coarser mark for the signallers to plumb over. A pyramidal stone aliout 20'' square by lo"" 
hiffh, hollowed out at tlie base, is placed as a cap over the mark and a cut-stone masonry dome rises to the height of 
about 12 feet over the station. The dome is without any opening so to prevent access to the marks. 

The South-End was connected in 3.S63, by a single line of spirit levels with the meaa 
sea level at Vizagapatam, when it was found that its height was 310-57 feet above this datum. 


NORTH-END oi? VIZAGAPATAM BASE, Lat. 18“ 1', Long. 83“ 16^ is situated in 


the Bonerigi taluk of the Vizagapatam district, about | miles S.E. of the village of Rambudra- 
puram-Agr all arum, and nearly 2 miles N.W. from Alamauda H.S. 

The foundation of tlie station is a solid mass of rubble masonry 9 feet square, and 4 feet deep below the 
ground level, resting on a liard bod of gravel. In the foundation, but isolated from it by an annubis, there are 3 
circular markstones,' 38" iu diameter by G" thick, the lowcrniost resting about 2 feet from the bottom, and the two 
others in order vertically, at intervals of 3" apart. Above the ground level there is a platform of cut-stone masonry, 
8' scpiare and 1' high rcaoliing to the edge of the annulus ; there is also a fourth markstone, re.stiug over the others and 
separated from tho'nearest by a ti-iiieli layer of masonry. In the lowest markstone a dot surrounded by a circle has 
been engraved on the stone, on the others the mark is the usual dot on silver in a brass plug 1" square by 2" deep let into 
the stone. The throe upper marks were carefully plumbed over the lowest one. A pyramidal stone cap about 20" 
square by 15" high protects tlie uppermost mark, and a cut-stone masonry dome similar to that at South-End is erected 
over it. The uppermost mark is the one to which the measurement was referred.. 


STATION A. This station is on the straight lino from South-End to North-End, and 
2-1 miles from the former. 

It is marked by a stone 27 inches square at base, 15 inches square at top and 5 feet 3 inches in length which 
has been sunk to a depth of 3 feet 9 inches below the surface of the ground and is embedded in a block of masonry 8 feet 
square and (i|' feet deep. There are two marks on the upper surface oftho atouc-slab; the Posterity-Mark (or ) is a dot on 
silver let into a brass plug 6" long and 1" square sunk into the ^nuHle of the stone ; the mark made at the termination 
of the 173rd set (or station A) is on a brass plug in diamei:er and 1.}" deep let into tlie stone and is situated N. of the 
mark 4‘829 inches. The theodolite was plumbed over A when the angles of the vorificatory minor triangulation were 
measured. The marks are protected by a cap of stone siu-mouuted by a solid pyramidal pillar of cut-stone masonry 
about 8 feet in height and 6' square at base. 


STATION B. This station is on the straight line from South-End to North-End and 

2*3 miles from the latter. 

It is marked and protected in the same manner as Station A with the diiference that there is only ono 
brass plug carrying a dot at this station : the plug is about 3" N. of the centre of the stone. 

POSTERITY-MARKS Nos. 1, 2, 3, are on the straight line from South-End to Station 
A, and distant respectively about 378, 756, and 1134 feet from the former. 

These points are marked by a dot on a brass plug let into a large granite boulder which is embedded in a 
4 feet deep foundation of rubble masonry, over -which a pyramidal block of the same materials has been erected. 



vin_3. 
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Deseriptmi of Stations — (Ooiitinued.) 

POSTERITY-MARK M, is on the straight line from South-End to Station B and S'2 
miles from the former. 

It is marked on a stone 27'' square at base, 15" square at top and 5' 3" in length which has been sunk 
to a depth of 3' 9" below the surface of the ground and is embedded in a block of masonry 8 feet square and 
feet deep. There are two marks on the upper surface of the stone-slab ; the Posterity-Mark (or M) is a dot on silver 
let into a brass plug 6" long and 1" square ?uink into the middle of the stone ; the mark made at the termination of the 
266th set is on a brass plug let into the North edge of the stone and is situated N. of the mark M 7*863 inches. The 
marks are protected by a cap of stone surmounted by a solid pyramidal pillar of cut-stone masonry about 8' in height 
and 6' square at base. 

GIJMRU AUXILIARY HILL STATION, Lai 17“ 56', Long. 83“ 17', is situated in 
the Vizagapatam district, on the summit of the highest group of low hills lying between the 
great range and the sea. It is about 16 miles to the South-West of the town and cantonment 
of Vizianagram, and is well known in the neighbourhood by its name of Gumrukonda. The 
small village of Sonkerpalam is about 1 mile W. of the station. 

The station is marked by an isolated masonry pillar surronnded by a platform of stones and earth. There 
are two mark-stones in the pillar, one embedded in the hill and the other 1 foot 10-|- inches above, on a level 'with the 
surface of the pillar. 

RAIPILI AUXILIARY PLATFORM STATION, is situated in tbe Yizagapatam dis- 
trict, on tbe high ground about J of a mile E. of the village of that name, and little less than 
half-way from Alamanda H.S. to Gumru II.S. The village of Katkapili lies about i mile to 
the S. and the hills of Kudipallam about tbe same distance North. 

The station is marked by an isolated masonry pillar surrounded by a platform of stones and earth. There 
are two mark-stones in the pillar, one embedded in the rock in sitn, and the other on a level with tlio surface of the pillar. 

ALAMANDA AUXILIARY HILL STATION, is situated in the Vizagapatam district, 
on the summit of the small hill S. of the village of that name and close to that part of 
Vizianagram road which runs between Bhimsingi and Kotevalsa travellers’ bungalows. 

The station is marked by an isolated masonry pillar sarrounded by a platform of stones and earth. 

DASALAPALAM AUXILIARY TOWER STATION, is situated in tbe Vizagapatam 
district; close to and E. of the village of that name, and about 3 miles W. of Alamanda H.S. 

The station is marked by a tower 12 feet in height. 

GANIWADA AUXILIARY HILL STATION, is situated in the Vizagapatam district, 
on tbe highest part of a small rocky ridge S.W. of the hamlet of the same name. 

The station is denoted by an isolated pillar surrounded by a platform of stones and earth. There are two marks 
in the pillar j one on its upper snriace and the other on the rock m situ, 

NANDI AUXILIARY HILL STATION, is situated in the Yizagapatam district, on 
the summit of an isolated hill of that name and about 4i miles in a direct line W. from 
Gumru H.S. The village of Ganga Pude is immediately below the N.E-. shoulder of the hill. 

Tbe station is marked by an isolated masoniy pillar surrounded by a platform of stones and earth. There are two 
marks, one engraved in the reek in situ, and the other on a stone embedded flush with the surface of the pillar. 

J. B. N. HENNESSEY. 


! 
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BANGALORE BASE-LINE 




The middle point of this base-line is in Latihide N. 13° S', Longitude E. 77° 40' ; 
the Azimuth of North-East-Eud at South- West- End is 224°-31' and the line is 6*83 Miles in 
length. 

The measurement was effected under the directions of Mr. J. B. ET. Hennessey with the 
assistance of the following : 


Lieut. J. Herschel, R.E. 

„ W. M. Campbell, R.E. 

„ M. W. Rogers, R.E. 

Mr. A. W. Donnelly 

„ G. Anding 

„ J. W. Mitchell 

„ A. Christie 

„ 0. V. Norris 

„ J. Bond 

„ C. D. Potter 



BANGALORE BASELINE 



INTRODUCTION. 

This base line was measured on the high undulating land North of the cantonment of 
Bangalore in the province of Mysore, the South-West-Bnd being distant from St. John’s Church 
2*5 miles at an azimuth of 125°. It was originally intended that this line, measured under the 
orders of Colonel J. T. Walker, R.E., should coincide with Colonel Lambton’s base in this 
vicinity ; but as a railway now runs across the latter the intention was necessarily relin- 
quished. The South-West-End of Colonel Walker’s line is about 5 miles West of the North- 
End of Colonel Lambton’s base. The former line, under notice, was selected by Lieutenant 
W. M. Campbell, B.E. 

The measurement was commenced at South-West-End, bar-tongues pointing North- 
West, and was carried on continuomly to the North-East-End, so that every succeeding set 
originated at the point marking the terminus of its predecessor. The line was divided into 3 
sections by the sub-dividing points A and B to admit of verification by minor triangulation ; 
and its South-West-End was connected with the Bench-Mark at the Railway Station in'Ban- 
galore by means of a double line of spirit levels executed by Mr. A. W. Donnelly. This 
Bench-Mark had been connected by the Railway Engineers with “ Colonel D’Haveland’s B.M.’’ 
near Eort St. George Madras, the height of the latter B.M. above mean sea level being known. 

The compensated bars were compared with the standard A on three occasions, ie. before 
the measurement near South-West-End, after set No. 287 about the middle of the base, and 
after the measurement near North-East-End. On all these occasions the comparing piers were 
set up parallel to the line and within a few feet of it, while the bar-tongues pointed North-West 
as they did during the measurement. The series of comparisons at South-West-End comprised 
50 sets, that after set No. 287 consisted of 80 sets and 76 sets were taken after the measurement. 

The same comparing microscopes hitherto employed for bar comparisons at base-linea 
were used on this occasion, with the improvement that the eye end of the microscope with 
fixed wires was removed and a micrometer substituted in its place, so that both microscopes 
were now adapted for making micrometrical measurements. 

The compensated microscopes were compared with their scales on 6 occasions including 
the comparisons taken prior and subsequent to the measurement. 

In respect to time, the first set of bar comparisons was taken on the 6th January 1868, 
the last on the 10th of the following March. 

The verificatory triangulation was made to consist of a double series of triangles, i.e. a 
series was projected on either flank of the line, forming in all a complete figure of 10 triangles. 
Of the stations involved, South-West-End, A, B, and North-East-End were in the alignment, 
and the remainder were selected on suitable sites, 3 to the North-West and as many South-East 
of the line. The angles were measured by Lieut. M. W. Rogers, R.E., with Barrow’s 24-inch 
theodolite No. 2 on 10 equidistant zeros ; three measures were taken on each zero, so that 30 
measures in all were made of each angle. 
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Comj)artsons between the Standard Bar A and the Compensated Bars A, B, Cj D, Ej Hj 
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8 
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10 

00 

11 
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14 
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13 
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16 
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17 
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18 
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19 
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§ 

<D 

n 


6 


K 
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Micbometee Beaiungi-s in Ditisions 


1 Division of K 


1 

21739-02 


Incli [«.&] on steel foot = 


Mean 




A 

A 

B 


K + L 

_K + L 

_K + L 


in terms 

K ia terms 

K in terms 

K 

of K 

L of K 

L of K 

L 


6o°9 

60*85 

63-2 

60*83 

66-2 

61-33 

72-9 

66-23 

74-7 

67-82 

76-1 

69-63 

Os 

CO 

70-88 

77-7 

71-83 

CO 

H 

72-87 

61-3 

62-21 

62-7 

61-96 

<54-3 

61 -96 

66-0 

62-31 

67-7 

62-88 

69-2 

63-60 

75-0 

68-17 

76-0 

69-69 

73-7 

70-32 

76- X. 

70-93 

76-9 

71-30 


+ 

ii8‘i 

174*9 

II2‘0 

178*0 

I ^5 ‘4 
151*4 
200*4 
187-3 

239-3 

i 8 o *8 

198*4 

258-9 

211*7 

269*9 

224*2 

276-5 

o. c' 


4" 

294-7 

291-8 

308-3 

389-6 

421-9 

439-9 

484-3 

303-3 

324-6 


+ 

240*2 

227-4 

251*9 

203*9 

220*1 

239-1 

222-5 

202*0 

249*9 

185*0 

184-9 

263-3 

239-9 

2x8-3 

252-6 

209*4 

264*8 

207*3 


+ 

469-9 

437-8 

461*6 

426-5 

43<5-8 

450-8 

460-4 

464-1 

474-2 


+ 

232-3 

2o8‘0 

200*6 

236*8 

173*6 

267*1 

213*8 

210*8 

23i’8 

283*8 

158*4 

227-0 

223-1 

201-0 

250-5 

2o8-I 

252-2 


4- 

442- 4 

439-8 

443 '3 
426-7 

429-3 

443- 8 
43^'3 
434-0 
462-8 


“f- 

246* 

245*0 

240*9 

245*0 

218*8 

266-1 

272^2 

203*9 

2x6*1 

260-5 

232*8 

261*4 

290*0 

2o6*2 

256*8 

^45*9 

254-0 

256-0 


x8i-o 335-7 
133-2 

185-8 329-7 

142-3 

177-0 333-8 

153-2 

162*4 341*8 

177-6 

i37‘4 348-9 

209-4 

133-4 3<5 o -6 

203-2 

220- 5 444-4 

221 - 7 

225-3 465-8 

238-1 

199-5 479'! 

276-8 

221-9 491-4 

266-8 

233-7 301-9 

263-6 


223-1 

258-0 

233-8 

227-4 

249*8 

225*8 

229*2 

241*1 

262*0 

201-4 

238*4 

217-6 
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245*2 

198*0 
21 8*4 
231*0 
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443-a 

4317 
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205*0 

248*2 

2o6*4 

201*2 

249*8 

246*7 


193 - 6 

235-8 

194 - 0 
247-4 
189*0 
215*9 
222*9 
238-7 
181-3 
229-9 
217-9 


468-2 

4'53-7 

43<5-7 

433'5 

444-6 

438-4 

431-7 

438-3 

441-0 

441-8 

450-0 


257- 2 

258 - 5 
273-0 

237-0 

225-9 

281-1 

233 - 8 
243-0 

234- 8 
253-2 
246*6 
236*8 

228*0 
229-4 
256*8 
a 1 6*3 

33 ^^*4 
162*0 
232*2 
266-1 


K + li 
in terms 
of K 

+ 

494*0 

488*4 

487 - 6 

478 - 1 

479 - 2 

496-8 

498 - 3 
303-2 

312-6 

318-3 

514-4 

309-8 

499 - 2 
490-3 

483-8 

4837 

488 - 8 
493-2 

496-0 

301-0 


BAK COMPARISONS 

triddd at the South-W6st-End of tho h(is&-l%ne^ hefors tho medsuTOMont. 
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Micbombtse Eeadiegs in Divisions 
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232-8 

5 

241-6 

532-5 

237-8 

479-4 

251-8 


388-0 


339-3 


215-3 

6 

a 37-6 

544'4 

356-4 

A 9 V 1 

341-7 


303‘8 


233-0 


238-4 

7 

258-0 

Cp 

367-8 

494-9 

252-7 


384-0 


324-9 


236-8 

8 

a 94'3 

555-7 

231-6 

504-4 

373-2 


258-8 


370-1 


223-7 

9 

357-2 

560-3 

191-6 

512-9 

236-2 


300-0 


318-1 


265-0 

lO 

279-8 

555-0 

349-7 

508-1 

243-6 


372-5 


255-8 


254-5 

II 

268-0 

554-6 

272'! 

497*3 

277-8 


383-8 


223'0 


214-5 

12 

371-8 

550-6 

255*0 

491*4 

283-6 


376-0 




209-0 

13 

25 i '4 

539-4 

200’0 

482-9 

261-7 


385-1 


aSo’i 


2j8-2 

H 

367-6 

535-4 

284-5 

480-2 

253-0 


265-1 


193-8 


223-0 


213-3 

^29-5 

240-2 

478-4 

222-0 


214-3 


235-8 


250-0 


303‘2 

548-6 

294-5 

479-1 

274-8 


243-0 


182-8 


191-0 

17 

^557 

552-0 

252-9 

A 8^*8 

218-4 


293 ‘4 


227-6 


247-8 

18 

346-4 

553-2 

248-6 

487*3 

254-6 


3 03 '8 


236-3 


219-2 

19 

3 ii '<5 

555-0 

383-8 

49 1 -I 

275*5 


241-0 


305-2 


203-3 

30 

258-3 

559*3 

254-9 

498-1 

283-3 


298-0 


240-8 


199-8 


K 4- L 

0 nH! 

'Sj 

cJ 

<-M 01 00 

0 « 53 

s 

Ebuiexs 

^ 53 

a 


in terms 
of K 

8 



+ 

+ 


476-0 

483-8 

Mr, Hennessey at micrometer IC ; 

Lieutenant Campbell „ L, 

474*7 

478-3 

Sky completely clouded ; fog in tbe distance, 

477*6 

480-3 

Observers clianged places. 

461*0 

465-3 

Lieutenant Horsohol at micrometer K ; 

1 , Rogers „ L. 

469 ’a 

471*1 


482-5 

p 

00 

Observers changed places. 

491-9 

490-4 


499*1 

497-1 


503*9 

504*4 


500-6 

p 

0 

Lieutenant Herachel at micrometer K ; 

„ Rogers „ L, 

494*4 

501-7 


494-7 

496-9 


482-1 

488-3 

Ohservora changed places. 

478-2 

482-4 


474*5 

477*5 


467*7 

475*2 

Mr. Hennessey at micrometer K ; 

Lieutenant Campbell „ L. 

468-7 

0 

do 

Few light cirri near horiaon. 

476-0 

482-1 


480-8 

485*0 


485*1 

490*9 




IX 


BANCJALOUE BASE-LIlfE 



Befofe the 


< 

bo 

a 



< 

tw 

0 


MrcnoMiTisR 

BeADING-S IK 

Diyisioks 


1 

m 



1 

g ' 


1 Division of K = 

1 

”■ 21739-02 

Incli: [a.b] oii Steel Foot = 



1868 S 

0 


<D 

& 

a 

CD 

■ 4 ^ 

Mean 







TflTlV 

Jany. ^ 

'S 

1 

r 

"S 

CD 

U 

"8 

§ 

a 

•n 

<D 

A 


A 



B 


c 


*8 

s 

Pi 

"o 

<u 


K + L 


K + L 


Z + L 


Z + I< 

03 

(U 


a 

& 

K 

in terms 

Z 

in terms 

K 

ill terms 

Z 

in terms 

a 

il 


0 

0 

L 

of K 

L 

of K 

L 

of K 

h 

of K 

7 *. m. 


0 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

7 th I 31 P-Jt. 

21 

ITS 


333-0 

512-8 

256-6 

456-7 

244-4 

455 '6 

239*5 

504-1 




72-64 

277-0 

526-a 

198-1 

209-1 


262-0 


I 49 

aa 

79-1 

337-0 

2337 

464-0 

234-8 

462*1 

238-4 

512*2 





286-3 


228-0 


22i)-0 


271-1 



23 

79-9 

73 'a 7 


539-4 

260-8 

47 a‘i 

288-8 

464‘5 

277-8 

519*1 





269-4 


209-2 

174-0 

238-9 


a 3a 

24 

79-0 

74-03 

257-2 

554-7 

258-3 

476-6 

221-7 

471-0 

287-7 

520-7 





394-6 

565*3 

ai6-i 


246-8 


230-7 


a 

35 

79-1 

74‘59 

209-6 

223-4 

486-9 

185-0 

478-3 

178-0 

529-8 


26 



35 a-a 


260-9 

290-4 


348-3 


3 13 

79 ' I 

75'°5 

233 '8 

573'5 

2796 

489-9 

158-1 

481-5 

269-4 

532-0 





33 '< 5-3 

582-3 

2 o 8‘2 

320-2 


260-0 


3 30 

27 

78-8 

75 ' 4 o 

250-4 

264-3 

490-9 

247-0 

485-7 

260-5 

534'5 





328-6 

587-4 

234*4 


236-3 


271-3 


3 47 

28 

787 

75'^9 

3337 

319*0 

498-8 

212*4 

486-2 

256-0 

537*0 





350-2 


277-0 


271-1 


278-2 


8th 7 %'] XX. 

39 

( 5 o '8 

62-^7 

217-0 

358-6 

186*3 

489-8 

272*6 

479-0 

297-0 

526-6 



60-3 


140-2 


3 oo '6 


204-4 


227-3 


1 50 

30 

62-25 

aai-x 

349-9 

284-8 

493 ‘I 

311*1 

476-0 

279-6 

525*2 

8 8 




127-5 


206*2 

163-3 


243-2 


31 

60 '4 

62-Oi 

212-5 

344'3 

^ 57*4 

492-9 

275'0 

477-0 

23A0 

523*2 

CO 


6 r 6 


130-5 


233*2 

200*0 


282-4 

518-1 

33 

6i'86 

207-8 

3391 

207*4 

491-8 

251-6 

473'4 

270-9 

CX) 




130-6 


281*6 

219-6 


244-8 

516*4 

33 

< 53 ‘i 

61-79 

194-8 

33 r' 2 ‘ 

261*4 

489-7 

320-4 

467-5 

312-8 





141-0 


226*0 

145*6 


201-6 


9 4 

34 

64'3 

61-84 

176-0 

335-1 

258-3 

486-3 

375'3 

460-1 

270-8 

512-2 



65-8 


157-5 


225-7 


183-0 


239-0 

5o6'o 

9 21 

35 

62-00 

197-4 

338-6 

228-1 

479-5 

346-4 

454*9 

287-8 

9 3 ^ 

3*5 

67'3 

6a-a8 

139-8 


258-9 

107-4 


216-0 


194-9 

344-0 

286*3 

471-6 

294-8 

455*2 

292-4 

501*9 



( 58 -I 

6a -66 

147-6 


183-5 


158-8 


207-4 

498-1 

9 50 

37 

170-4 

350-2 

245-6 

469-8 

27,3*0 

454*7 

280-9 


38 

68-9 

63-11 

178-0 


222-0 


1799 


215-0 

496-0 

10 5 

171-8 

358-9 

248-4 

4/0-6 

227-0 

448*9 

230-4 




67-21 

185-2 


210-0 


219-7 


263-0 

498*1 

11 42 

39 

15-9 

233-8 

436-8 

191-8 

457-4 

180-9 

447*3 

262-3 



7^-5 

68-11 

201-0 


263-0 


263-8 


235-5 


0 I P.M. 

40 

219-3 

449-2 

270-8 

451-7 

23 a ‘a 

447*8 

241-8 

495*5 





227-6 


179-1 


213'5 


351-0 






Ko. of comparison 


BAE COMPAEISONS 


measurement — (Continued.) 





BANGALORE BASE-LINE 


Micbombtbb Beabiktgs IK Ditisions 

1 Division of K = Inch [0.6] on Steel Foot = 


E + L 
in terms 
of K 


A 


B 

K + L 


e: + L 

K in terms 

K 

in terms 

If of K 

L 

of K 


in terms 
of K 


h. m. 


0 

0 

+ 

-h 

4- 

-4- 

+ 

4 

+ 

+ 

0 20 P.M. 

41 

76-9 

69*06 

aio'9 

255-<5 

469-1 

218-3 

233-5 

454-1 

203*3 

2398 

445-5 

220-6 

282*2 

505-^5 

00 

0 

4a 

77‘3 

69*92 

213-5 

272*2 

488-4 

239-1 

2i8-t 

459-4 

202*7 

248*6 

453-8 

268*2 

»37'4 

508-0 

0 57 

43 

78-2 

70*80 

a 1 6-5 
283-1 

502-4 

183-7 

379-4 

4*55-9 

22 1-2 
23.2*9 

45 * 5-4 

240*6 

267*0 

510-3 

1 19 

44 

78-8 

71*80 

243-4 

273-5 

519-6 

320-0 

248-6 

471-1 

229*0 

230*2 

4<5 i -5 

a54’4 

256*9 

513-9 

I 5^ 

45 

8o'o 

73-16 

280-5 

267-a 

550-4 

330-4 

244-1 

476-9 

238-5 

230-0 

470-8 

282*1 

24 1 *2 

5^57 

a la 

46 

80-5 

73-91 

278-8 

283-1 

5<54-7 

331-4 

251-8 

485-7 

230-5 

243-9 

475-8 

*-^45’3 

281-2 

529-3 

a 34 

47 

80-4 

74-66 : 

380-3 

.297-5 

580-8 

237-5 

251-1 

491-1 

252-3 

329-0 

483-6 

270*5 

263*2 

53<5'3 

a 58 

48 

So'a 

75 -3 <5 

298-4 

296-0 

597-4 

340-6 

254-1 

497-2 

258-3 

232-5 

493-0 

278*2 

266*1 

547-0 

3 ao 

49 

8o'i 

75-87 

308-3 

294-1 

605-3 

350-0 

252-2 

504-7 

258-8 

235-9 

497-1 

261*1 

285-9 

549-9 

3 39 

50 

8o'i 

■ 

294-9 

314-7 

612*7 

363 -,1 
347-0 

512-6 

234-9 

361-0 

498-5 

267*8 

283-5 

554-1 


Means 68* x 8 


44773 


471-18 


45970 




About the middle of the bme-line^ 


Feb. 

k. 



0 

0 



306-8 

272-3 

481-8 



368-8 

333-2 


nth 

9 

0 A.K. 

I 

72*0 

62*11 

213-3 

130-9 

345-5 

242*4 

209*0 

453-4 

504-3 


I I 

35 

2 

78-6 

69*11 

214-6 

235-1 

452-0 

266-7 

180-5 

449*0 

237-9 

190-3 

430*0 

282*4 

196-7 

481-0 


IX 

54 

3 

79-1 

70-15 

223-6 

244-7 

469-7 

2X4*8 

230*7 

447-8 

233-4 

197-0 

432-3 

b 

00 0 

487-3 


0 

10 P.M. 

4 

79-5 

71-02 

270-6 

309-2 

481-9 

228*3 

218*8 

449-2 

206-4 

220-0 

428-6 

343-1 

336-3 

481-7 1 


I 

ir 

5 

83*3 

73-99 i 

338-0 

234'3 

564-6 

237-8 

242-5 

482-7 

230-3 

131-7 

464-3 

259-3 

=^ 54-5 

51 < 5'3 


I 

24 

6 

82-3 

74'59 

300-5 

271-4 

574'<5 

236-9 

341-8 

481-1 

232-3 

231-7 

466-3 

306-4 

2 II-S 

520-3 


BAR COMPARISON’S 


ftiectsuYemeni — (Continued.) 


MiCEOMBXEE EBABINd-S IN DiTISIONS 
= l' 27772 m.y.of A =‘9901 x I Division of L 


K + L 
in terms 
ofK 


K + L 

in terras 

OfK 



4- 

+ 

+ 

+ 

+ 

41 

283-8 

268-2 

554-7 

234-0 

260-0 

496-6 

245-3 

238-5 

42 

251-1 

306-0 

560-2 

233 '0 
268-2 

503-9 

222-8 

264-3 

43 

284-8 

270-6 

558-1 

257-0 

244-5 

503 ’9 

243-9 

246-0 

44 

284-2 

278-3 

5 ^ 5'3 

242-3 

262-1; 

507-4 

255-5 

241-0 

45 

3 13 -2 
2630 

578-8 

278-8 

239-2 

520-4 

262-7 

247-8 

46 

286-5 

293-7 

583-1 

25^-3 

265-2 

524-2 

258-9 

253 

47 

300-8 

286-2 

589-9 

257-9 

269-3 

529-9 

257-8 

263-1 

48 

276-5 

31^-9 

591-5 

275-9 

260-3 

538-8 

258-8 

270-0 

49 

315-0 

282-2 

6oo-o 

279-6 

26;-; 

545’7 

265-8 

264-2 

50 

294-0 

304-1 

601 -I 

263-8 

276-0 

542-6 

275-2 

264-4 


K + L 
in terms 
of K 


4897 

492-4 

4989 

5 ^ 3*0 


5 I 4’5 


532-6 

542-2 



493 ‘S 
497-8 

503 ‘0 
514-3 
518-8 

5 ^ 5-7 

533 -a 


Eemaeks 


Otservors changod place*. 


Means 


55975 


after set No. 287. 



1 Division K : 



‘2i732’7l ~ D27ai0 m,y of = *9903 X 1 Division L 


Mr. Hennessey at micrometer K; 
Lieutenant Campbell „ L, 

Mr. Hennessey „ k ; 

Lieutenant Herscbel „ La 




IX 


BANGALOEE BASE-LINE 


la 

About the middle of the hase-line. 


< 

&0 

1 



< 

*0 

1* 


MldtOMETEIl 

1 Division of K 

Ebai>ikq-s lyf DiTisioisrs 

= 1 “ 1 » t ^-^2 en Stool Foot = 


% 

1868 

CO 

1 

o 

•s 

§ 

!l 

«fHI 

I' 

8 

*8 

il 

Cm 

0 

S 

1 

oS 

3 

§ 

I 

rtJ 

-2 

0 

<u 

1 

Mean 

A 

K + L 

K in terms 

L of 

A 

K 

L 

K + L 

in terms 
of K 

E 

L 

B 

E + 1 

in terms 
of K 

K 

L 

c 

_E + L 

in terms 
of K 

A. ?^2. 


C 

0 

-F 

+ 

+ 

+ 

4 - 

+ 

4 - 

+ 

lltll I 37P-M. 

7 

83-6 

73 'i 3 

294-8 

287-4 

383*0 

208-8 

374-0 

485-3 

246*0 

2i8'2 

466-3 

303-8 

217-3 

523-3 

I S 3 

8 

82-7 

73-81 

318-0 

379-9 

6oo*6 

219*8 

263*0 

483-4 

2X2*9 

254-6 

470*0 

294*0 

253^2 

329*3 

a 9 

9 

83-3 

7 ( 5 - 3<5 

336-6 

380-3 

609*8 

238*0 

243*6 

486'o 

333-3 

345-8 

471-4 

303-3 

234-2 

539-6 

2 23 

10 

83-8 

76-89 

334‘9 

363-2 

619-7 

356-7 

23 ro 

490*0 

337-3 

231-3 

470-8 

298*9 

229*7 

330-9 

a 35 

II 


7 7 ‘34 

333'4 

288-7 

6269 

246*3 

343-8 

494-3 

232*8 

240*6 

475-8 

297-0 

234-9 

334*2 

3 49 

12 

83-6 

77-80 

293-0 

339-0 

634*3 

183*2 

306*2 

493-4 

263*9 

2X2*0 

478-0 

297*0 

333*3 

3 6 

13 

83 ‘3 

78-30 

294-9 

343-0 

641-3 

260*7 

230*3 

493*3 

2667 

214*2 

483-0 

269*0 

265*6 

337 *» 

3 21 

14 

84'3 

7873 

304-0 

341-8 

649-1 

233-3 

359-8 

493*3 

33^9 

345 '! 

484-4 

230*2 

302*2 

341*4 

3 33 

15 

837 

79-11 

1 304-6 

347-3 

633-3 

249*3 

244-6 

496*3 

252*6 

227*2 

483*0 

278*8 

260*8 

543-3 

12 th 7 38 A.M. 

16 

<53 '5 

63-88 

243-9 

133-3 

379-4 

319-1 

278-3 

300-1 

347-8 

332-3 

473-2 

284*0 

243*8 

S 3 °'^ 

7 4 A 

17 

64-3 

^379 

187-4 

1888 

378-0 

252-9 

249*8 

303-1 

351-1 

233-4 

475-7 

263*1 

267*0 

S 3^1 

7 J8 

18 

64-8 

63-76 

177-9 

198-3 

378-3 

240*3 

497-8 

249-7 

224-9 

476-8 

262*2 

265*5 

330-3 

8 J 3 

19 

<53-2 

6376 

186-9 

190-3 

379-3 

244*8 

249*0 

496*2 

273-5 

201-5 

477*0 

270*8 

258*6 

331*9 

8 35 

30 

66’o 

63-88 

180-6 

196-4 

378-9 

249*0 

243*2 

494-6 

235-9 

247-3 

473*6 

256*0 

273*2 

33' *9 

8 31 

21 

6 y'o 

64-03 

171*5 

209-3 

383-1 

261*0 

230^6 

493-8 

214*1 

258-0 

474-6 

347-6 

376-7 

527-0 

9 5 

22 

68-3 

64-33 

178'd 

207*7 

388-3 

23^8*9 

486-6 

229-6 

339-3 

471*1 

265*0 

526-9 

11 38 

23 

79-2 

70*10 

241*2 
23 1*2 

474-7 

209*7 

241*4 

433-3 

184-4 

254-6 

441*3 

222*2 

263*0 

487-8 

0 13 P.M. 

24 

79-6 

70*90 

367-^ 

221-3 

491-0 

2q8’0 

249*2 

459-6 

198-8 

34O-J 

441*3 

248’a 

487-3 

0 32 

23 

8o‘4 

71-76 

37 5-8 
337-8 

303-8 

2:^5' 2 
233*0 

460-5 

3 Q 4-3 

234’7 

441 ‘a 

247*0 

241*3 

490-7 

0 44 

36 

81 ‘O 

73-41 

279-3 

234-4 

313-9 

222^0 

235*0 

4395 

209-8 

237-6 

439-6 

233-8 

331-4 

489*3 


EAR COMPARISONS 


after set No. 287 — (Continued.) 


Mioeometeb Eeadiitgs in Ditisions 
= lC7810m.y. of A x 1 Division of L 
















c3 

' 


D 


E 
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0 







*0 


K -4=^ Ii 


E+U 


K -j-' Xi 

6 

K 

in terms 

K 

in terms 

K 

in terma 
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of K 

L 

of K 

L 

of K 


362-4 

565*0 

268-4 

507-2 

279-0 

515*1 

200-6 


236-5 


233*8 

3 13 ’.3 

566-1 

286-9 

516-9 

274-8 

513*9 

350'3 


227-8 


236-8 

3587 

574*6 

276-8 

514*7 

2967 

517*6 

3 13 '8 

235*6 

2i8-8 


348'a 

575*4 

265-0 

518-3 

276-1 

520-7 

2^5-0 


250-8 


242-2 


35 'o '<5 

5764 

27 1 -0 

517-6 

282-3 

521-0 

223-6 


244-2 

236-4 

335'^ 

577*1 

289-8 

520-3 

216-5 

522-9 

239-2 


228-3 


303*4 

267-7 

581-8 

255*1 

523*1 

363-7 

524*4 

3ii’i 


265-4 

258-2 

304-2 

5887 

262-7 

526-2 

269*2 

525*3 

281-7 

260*9 


253-6 


287-3 

585*9 

277-9 

525-9 

255*8 

523-2 

295 '7 


245*6 

264-8 

285-3 

570-8 

2 80 "2 

516-7 

293*3 

515*4 

2827 


234*2 


219-9 


289-4 

574-2 

273*3 

513*8 

269-3 

514*7 

282-0 


238-2 


243*0 


284-8 

572-8 

266-8 

• 512-9 

266-0 

514*4 

285-2 


243-7 


246-0 


296-0 

575*3 

2647 

516*7 

266-7 

513*8 

276-6 


249-6 

244*7 


274-4 

570-5 

258-6 

515*6 

264-5 

516-0 

293 2 


254-5 


249*1 


283-6 

570-1 

238-7 

517*6 

264-7 

516-2 

283-7 


276-2 


249-1 

260-Q 

564-2 

263-0 

514*2 

254*7 

514*4 

3Qi’a 


248-8 

257*2 

273-7 

529-6 

223-4 

4/2*2 

237*0 

488-8 

253*4 

246-4 


249*4 


284-4 

530-0 

23 2-0 

472*4 

256-4 

486-2 

243 ’2 

238-1 

227-6 


282-4 

536-2 

205-7 

474*7 

2f8-0 

587*0 

251-3 

266-4 

266-4 

302'o 

535’o 

240-7 

476-4 

260-4 

488*8 

230-7 

233*4 

236-2 


s s 
S 

w I 
S g 


+ 

510-4 

5 i 3'<5 

517*7 

5^9*9 

52^o’7 

523'8 

5a6-9 

535*9 

517- 6 
519*4 

5^7*5 

518 - 5 

517*4 


S\ 6‘6 


5I3'9 

478-9 

479'-5 

4817 

481*4 



lieutonaEt HcratcH(^ ftt n^icromotcr K 5 
Mr, Hennessey „ I, 


lion ton ant TTersoliol at micrometer K s 
„ Cain)f)bcll „ 


Obsorvpr^ changotl places. 


Lioutonant Camplidl at |p|cro meter K ; 
Mr. Hennessey ^ L, 


35 

a6 


BANGALORE EASE-LINE 



About the middle of the 'base-line. 



< 

-g 

1 

o 



< 

'S 

4 ^ 

OJ 

• 

MiOBOMBTjER 

1 Division of K = 

KiBADIIfQ-S IN DiYISIONS 

= - Inch on Steel Foot == 


1868 

Poby. 

“S 

.§ 

• 4 -> 

A 

“S 

s 

il 

1^0. of comparison 

Temperature of Air 

Corrected mean tempe 

Mean 

A 

K -h L 

IC in terms 

L of K 

A. 

K 

L 

K + L 
in terms 
of K 

K 

L 

B 

K + L 

in terms 
of K 

K 

L 

C 

K + L 

in terms 
of K 


li . m . 


0 

0 

+ 

+ 

+ 

.4. 

4 - 

■+* 

+ 

+ 

12tli 

0 55 F.M. 

27 

8o-8 

7 a '93 

aSi’a 

241-3 

324-9 

254*0 

aaa'6 

438*8 

226*8 

210*6 

439-3 

272*6 

216*2 

490*9 


I 7 

28 

8o-8 

73-47 

2727 
238 -r 

333-3 

218-9 

240*8 

462*1 

186*1 

250*4 

439-0 

234-9 

238*3 

493-7 


1 19 

29 

8i-2 


2§3 *9 

233-3 

342-7 

215*2 

242*4 

460*0 

2 o 8 *I 

232*1 

442-3 

252*0 

241*2 

493-<5 


1 31 

30 

817 

74-35 

300 8 
250'0 

663*3 

206’I 

252-8 

461*4 

199*9 

239-6 

441*8 

348*0 

249-3 

499-7 


I 3<5 

31 

8a’8 

73-31 

310*5 

249-2 

562*1 

258*8 

215*9 

454-8 

219*6 

2 I 8*0 

439-7 

374-8 

317*9 

494-8 


a 6 

3a 

83-3 

76'Oa 

333-3 

235-0 

570*6 

213*7 

242*6 

438-7 

185*0 
2^53 *4 

440*9 

260*9 

236*1 

499-3 


a 17 

33 

83 '4 

73-43 

338-1 

236*9 

377-3 

243-1 

213*7 

460*9 

2 o 6*0 

234*0 

442*3 

267*4 

229*0 

498*6 


a 29 

34 

83-6 

76*88 

335-1 

249*4 

386*9 

192 0 
265*6 

460*2 

172*4 

267*0 

442*0 

381*8 

3 1 6*6 

300-3 

j 

a 40 

33 

83-1 

77*26 

343-0 

245*1 

392-3 

226*9 

234-0 

463*2 

204'6 

236*4 

443*3 

373*9 

3 3 . 3*5 

498*6 

t 

a 50 

3<5 

82-8 

77 ' 6 o 

351-7 

241*6 

393-7 

252*8 
227 2 

462*2 

2087 

23 1 ’4 

443*4 

282*3 

218*5 

503*9 


3 0 

37 

83-0 

7 7 '94 

358-9 

a 4 £"i 

6oa*4 

226*6 

^ 33*7 

462*6 

209*5 

2317 

443-5 

260*3 

2 ' 37‘9 

500-3 


3 ^3 

38 

83-0 

78-38 

372-8 

230*1 

605*2 

219*6 

241*0 

463-0 

213*9 

228*5 

444*6 

276*6 

227*0 

503-8 

IStli 

7 58 A.M. 

39 

63*3 

34'95 

182*2 

173-2 

359-1 

243-6 

210*1 

433-8 

2 ^^ 0*2 

i88*8 

440*9 

266*1 

224*4 

492*7 


8 18 

40' 

67-4 

33-01 

i8o*9 

179*8 

362*5 

211*7 

251*2 

463-4 

217*8 

219*0 

438-9 

248*1 

242*0 

49 ’i -5 


8 33 

41 

68-1 

33-13 

183*0 

180*3 

363-1 

223*1 

234*4 

439-8 

225*7 

210*3 

438*1 

246*6 

243*3 

492*3 


8 31 

42 

69-3 

33-43 

207*0 

138-4 

367*0 

225’6 

227*0 

434-7 

239*9 

190*0 

431-8 

343*6 

238*4 

484-3 


9 ^ 

43 

7 o ‘3 

33-73 

220*3 

152-4 

374-2 

206*6 

244*0 

453-0 

217*4 

213*2 

433-7 

228*8 

250*2 

481-5 


9 19 

44 

7 i '3 

66-o8 

210*3 

170*2 

382*2 

244*2 

200*2 

446*4 

230*2 

1 88*2 

439*3 

231 9 
348*3 

482*6 


9 3 !i 

43 

71-9 

36-48 

200*1 

188*1 

390*0 

207*2 

235*^ 

444-7 

225*6 

196*0 

423-5 

23^-3 

242*0 

476*9 


IT 13 

46 

77‘4 

69-93 

327-5 

209*5 

439-1 

178*4 

251*8 

432-7 

i8i*3 

231*2 

414*8 

238*0 

238*8 

479*1 


BAR COMPARISONS 


IX. 


after set No. 287 — (Continued.) 


Micrometbe Ebadinqs in Ditisions 

= 1'27810 m . y , of A =: '9903 x 1 Division of L 


K + L 
K in toms 
L of K 


+ 

318-9 
219-4 
264-8 
2 7 3' I 

311 - 1 

230- 9 
282-7 
258-0 
302-6 
236-0 

^79‘9 

2 3g'6 

s'l.r? 

226-0 

312- 0 
232-6 

3,35'3 

209-0 

,3 43 '4 
203-0 
.3i9'o 
a2.5'3 
326-6 

231- 0 


310-2 

333-2 

268-9 

265-9 

270-0 

260-8 

a54’4 

373-2 

252-4 

274-4 

265-3 

361-5 


K 

E 

K + L 


H 

K-f L 

in toms 

K 

in terns 

L 

of E 

L 

of Z 


Eemabks 


265-1 

249-8 

258-0 


•f 

-4- 

+ 

+ 

4- 

1 

+ 

540-5 

244-4 

479-8 

350-0 

488-4 

483-0 


233 -JC 


236-1 



540-6 

19^5 

481-7 

191-4 

485-4 

484-1 


287-4 


291-1 



544-.3 

243-9 

482-4 

256-7 

489-8 

485-8 


236-2 


230-8 



543-2 

2 1 5-1 

484-9 

230-0 

489-5 

486-8 


26'7-2 


257-0 



540-9 

263-2 

486-2 

240-9 

486-3 

483-8 


221-8 


243-0 



542-0 

235-8 

489-3 

339-2 

CO 

485-8 


251-0 


242-7 



543-9 

2 45 ’5 

,489-4 

232-8 

485-1 

486-7 


241-5 


249-9 



546-9 

253-4 

491-8 

238-4 

486-8 

488-0 


236*1 


246-0 



546-2 

2i^Q il|. 

491-2 

246*4 

489-2 

488-6 


240*4 


24^*‘4‘ 



548-4 

260-7 

488-3 

258-0 

490-2 

489-1 


225-4 


229-9 



546-5 

252-8 

492-1 

244-0 

' 493-2 

489-7 


337-0 


246-8 



549-8 

=^57-3 

491-9 

260-0 

491-1 

491-0 


232-3 


228-9 



537'6 

264-2 

486-2 

241-8 

478-2 

481-9 


319-8 


234-1 



537-4 

247-2 

485*3 

233-2 

477*4 

482-8 


235-8 


241-8 



533-4 

235-8 

486-0 

226-8 

474-4 

480-7 


247-8 


245-2 



530-3 

236-7 

478-0 

236-5 

473-1 

475-4 


239-0 


234-3 



S ^ 9 'S 

246-4 

474-4 

248-4 

472-6 

474*0 


225-8 


222-0 



529'4 

346-8 

472-7 

227-8 

471-2 

471-9 


2237 


241*0 



525‘8 

237-6 

465-8 

244-4 

471-8 

468-1 


226-0 


225-2 



510-3 

227-5 

456-8 

223-5 

462-8 

459-4 


227-1 


237*0 




OlDservers clianged places. 


Lieiitenant Ilcrscliel at jaicromoter K ; 
Hr. Hennessey „ L, 


OTbservers changed places. 


Hientenant Campbell at micrometer K ; 
Lieutenant Herschel „ L. 


IX 


14 


BANGALORE BASE-LINE 


About the middle of the bme-lim^ 


< 

.3 

£ 

O 

r« 

-§ 



< 

“S 

0 

s 

cti 


MioEOM ETEK EEAnilS'a S I3Sr Ditisioxs 

1 Division of IC = — Inch [a.&] on Steel Foot = 


tw 

1868 g 

1 

Peby. 

1 

"S 

§ 

ll 

iN'o, of comparison 

Temperature of Air 

0 

1 

1 

”0 

CD 

1 

Mean 

A 

K + L 

K in terms 

Jj oiK 

K 

L 

A 

K H- L 

in terms 
of K 

K 

L 

B 

K + I 
in terms 
of K 

K 

L 

c 

K + I 
in terms 
of K 

k. m. 


0 

0 

+ 


4 - 

+ 

+ 

+ 

+ 


13 th II 28 a.m. 

47 

78-5 

7 o '54 

232-6 

2i6'0 

4507 

201-6 

231-1 

43 5 '0 

176-9 

238-1 

417*3 

240-3 

227-4 

469-9 

JI 42 

48 

79‘5 

71-15 

227-6 

233-2 

463-1 

210-5 

218-9 

431-5 

225-4 

188-2 

415-4 

23 1 -o 
236-2 

469*5 

11 54 

49 

79-6 

71-75 

246-0 

222-9 

471-1 

208-3 

219-2 

429-6 

207-4 

204-2 

413-6 

228-6 

236-3 

467-2 

0 7 JP.M. 

50 

8o'2 

72-32 

260-2 

217-8 

480-1 

217-0 

212-2 

431-3 

211-0 

199-3 

412-3 

235-1 

227-9 

465-2 

0 38 

51 

8i'6 

73-72 

242*1 

2 ^'j 0\3 

494-9 

215-0 

208-0 

425-0 

213-5 

191-4 

406-8 

227-8 

234-2 

464*3 

0 

0 

52 

82'0 

74 ’a 3 

250-4 

252-3 

5 o 5 'a 

202-9 

220-5 

425-6 

201*0 

2,04*0 

407-0 

239-2 

222-0 

463-4 

I I 

53 

8r8 

74-71 

245-1 

265-0 

512-7 

312-0 

207-3 

421-3 , 

222-8 

183-9 

408-5 

235-2 

226-1 

463-5 

I 14 

54 

81-7 

75-18 

250-7 

267-0 

520-3 

21 1-9 
210-7 

424-7 

207-7 

200-0 

409-7 

225-2 

237-1 

464-6 

1 26 

55 

824 

1S'^3 

264-0 

261-0 

527-6 

205-5 

215-4 

423*0 

205-7 

201-8 

409*5 

235-^ 

230-2 

467-7 

2 4 

5^ 

83-5 

77-07 

266-5 

276-2 

545'4 

206-0 

2II-4 

419*5 

202*9 

205-8 

410-7 

242-0 

216-2 

460-3 

2 19 

57 

83*5 


277'3 

2757 

5557 

219-2 

202-8 

424-0 

195-6 

216-2 

413*9 

241-5 

220-3 

464-0 

a 33 

58 

83-8 

ir9S 

284-2 

278-6 

565‘5 

205-0 

2i8-8 

425-9 

209-0 

205-3 

416-3 

232-4 

232-0 

466-7 

2 54 

59 

84-4 

78-36 

291-7 

279-8 

574'3 

216-2 

208-1 

426-3 

198-6 

213-0 

413*7 

228-9 

240-4 

471-7 

3 ^ 

60 

84*9 

78-88 

292-1 

284-5 

579*4 

216-6 

208-8 

427*4 

2 II -0 

203-0 

416-0 

242-1 

227-2 

471-5 

3 18 

61 

84’ 8 

79-24 

289-2 

293-9 

586-0 

209-2 

220-6 

432-0 

201-3 

215-1 

418-5 

236-2 

234-0 

472*5 

14 th 7 0 A.M. 

6% 

6r8 

64-66 

185-6 

131-1 

318-0 

255*4 

i68-o 

425-0 

246-5 

loi'o 

409-1 

244-0 

21<-Q 

462-0 

7 10 

63 

62-3 

64-53 

193-0 

124-5 

318-7 

227-2 

195-0 

424-1 

219-4 

187-1 

408-3 

kJ 

212-7 

247-0 

462-1 

7 20 

64 

62‘9 

64-40 

212-3 

104-0 

3 i 7'3 

2o8’8 

216-4 

427*3 

224-7 

181-9 

408-4 

224-2 

234-0 

460-5 

7 29 

^5 

63-6 

64-32 

200-8 

113-9 

3 I 5'8 

235-4 

198-6 

425-9 

230-4 

175-0 

407*1 

226-8 

233-0 

462-1 

7 38 

66 

64' 0 

64-27 

170-9 

146-0 

318-3 

244-6 

182-1 

428-5 

234*9 

171-0 

407-6 

216-4 

243-9 

462-7 



BAR COMPARISONS 


after set No. 287— (Continued.) 


MICEOMETBE EiEADINaS IN Ditisions 

= 1*27810 m,y* of A = ^ ^ Division of L 



D 

K 

L 

K + I; 
ill terms 
of K 

E 

K 

L 

E + I 
in terms 
of Z 

H 

K 

L 

K +1/ 
in terms 
of Z 

Mean of tlie 
compensated 
bars 

+ 

+ 

+ 


+ 

4 - 

4. 

H 7 ’i 

3107 

23ra 

437’4 

229*0 

464-2 

459*1 

adi'o 


224-0 


232-9 



264‘o 

512*4 

231-0 

43 < 5-4 

229-1 

4 < 53*<5 

458*1 

24 ( 5 'o 


223*2 


232-2 



EfSp'O 

312-0 

226-1 

437 ’o 

238-0 

464-0 

437*2 

24o'6 


228-7 


223-8 



25a’0 

311*7 

223*0 

436-6 

ai8-8 

460*1 

436-2 

% sr ^ 


23 Jt -.9 


239-0 



244'9 

311*0 

223-8 

431*0 

236*0 

433*1 

431*9 

2 < 53'5 


223-0 


213-0 



26 ro 

310-6 

218-7 

433*3 

a 33'3 

45^*1 

432*0 

247-2 


^1.32-3 


216-7 



233 '0 

308-5 

228-9 

447*1 

23 i-a 

431-0 

450*0 

233 ‘o 


2I6-I 


2177 



247-9 

do 

0 

220'2 

448-0 

a 33*7 

431*8 

431*3 

238-3 


223-6 


214*0 



23 < 5’3 

310-8 

229-2 

434*0 

223-2 

432*3 

432*9 

232-0 


222-6 


224-9 



244-0 

3077 

2i6-0 

434*0 

2 T 37 

449*0 

430*2 

2 ( 5 ri 


2337 


231-0 



232-8 

3 ^ 0 '! 

236-0 

436-2 

227*4 

431*7 

453*3 

234-8 


2i8-I 


222*1 



237 '^> 

3 i 3 '^ 

229-8 

434*4 

221*3 

433*2 

433*0 

233-3 


222-4 


229-5 



234-8 

317*0 

221-8 

439 ' I 

228-8 

43^*4 

457*4 

2397 


333 ;o 


225*4 



2357 

317*2 

226-0 

437'<5 

224*8 

435*1 

437*3 

239-0 


229-4 


228-1 



239-0 

321-0 

222*8 

438-2 

230-4 

437'4 

459*9 

239'3 


^ 33*1 


224-8 



261-8 

495 ’t 

243 *<5 

447 4 

249-6 

440*6 

44 < 5*3 

231-0 


201*8 


189-1 



2 II'I 

308-2 

214*6 

430*3 

214-4 

441*9 

449*2 

294-2 


233-<5 


225*3 



219-8 

309-6 

217*4 

44 < 5*3 

222-2 

442*1 

449*1 

287-0 


226*9 


217-8 



231-8 

3097 

216*7 

447-6 

233*8 

444*2 

449*4 

273-2 


228*7 


208-4 



268-8 

3 o 5‘3 

212*2 

448-1 

222-6 

443*3 

449'3 

234-2 


233-<5 


218-8 





Observers changed places. 


Lieutenant Campbell at micrometer K ; 
Lieutcmiut Herschcl i, L, 


Mr. Hennessey at micrometer K ; 
Lieutenant Campbell d U 


66 






BziNGALOllE BASE-LINE 


Aloiit the middle of the lase-Iine, 


Miobometeb Readinos Divisions 

1 Division of K = ” 


1868 o 

w 

Feby. I 


K + L 
in terms 
of K 


A 


B 

II + D 


K -f L 

K in terms 

K 

in terms 

D of Iv 

L 

of K 


h. 

m. 

67 

0 

0 

-f- 


+ 

. + 

1 7 47 A.M. 

64-8 

64-24 

164-7 

I5-2-3 

318-3 

220*0 

201*9 

433-9 

8 

31 

68 

68-8 

64'45 

iSo'o 

1457 

327-1 

237*6 

182*8 

433-3 

8 

3a 

69 

69-4 

64-62 

169-4 

138-6 

3^9' <5 

215*7 

202*8 

430-3 

8 

43' 

70 

70-1 

64-86 

171*2 

160*9 

3337 

204*0 

21 1*9 

418-0 

8 

53 

71 

71-0 

63-14 

171*2 

163-4 

338-2 

213*4 

199*6 

413-0 

9 

3 

73 

71-8 

(55 ‘4 7 

J73-3 

168-3 

343 ‘4 

22 Vo 
191*9 

416-8 

9 

13 

73 

7^7 

63-86 

i8o’4 

i68*x 

35o'i 

203*9 

204*8 

410-7 

II 

33 

74 

83-3 

72-33 

252*0 

190*9 

444-8 

21: 7*6 
160-3 

3797 

II 

48 

75 

82*6 

73 "29 

^457 

461 -o 

190-0 

383-a 


O IP.M. f 83-6 


77 83-6 74 '^^^ 

78 84-0 7j'78 

79 83-9 76-83 

80 84-4 77-30 


47 1 '4 
481-3 
303-7 

5 i 9'4 

337-8 


+ 

a. 35'4 

169-8 

3,36-7 

166-3 

2 o 6'6 

194-6 

201*8 

197*8 

197 - 6 

1 99 '6 

196-3 

198- 4 
207*6 
185*0 

I 82*9 

i 78‘.3 

174-6 

189- 3 
178-0 

190- 4 
190-3 
180 '8 
182-4 
189-4 
193-3 


404*6 

403*1 

401*5 

399*1 

396*6 

394’4 

362*9 

3<537 

370-.3 

373-8 

3737 

3 73 '8 

37 ( 5-3 


4 - 

229*9 

224*0 

222*9 

^ 35*3 
236*0 
2 j8‘4 

221*4 

^35-4 

215*3 

232*8 

216*0 

o 9 r* ’ r' 

-^.>6 5 
209*8 
2o6'8 
209*8 
212*9 
205*0 
207*7 
2 I 3 -O 
209*2 
215*8 
212*9 
2 I 4* I 
2 I 8 ’I 
210*2 
2 r 0*3 
219*4 


X + Ij 

in ierms 
of K 


460*5 
43 < 5-3 
465 ’3 
433-8 

45 o '9 
447 '4 

418- 7 

419- 9 
433-8 
437-1 
439-1 

430-4 

43 1 ‘9 


Means 71-48 


47773 


447-64 


430-.33 


484'93 


At North-JEasf-JEnd of the hase-Une, 



EAR COMPARISONS 


after set No. 287 — (Continued.) 


Miceometeb Ebadings in Divisions 

= 1-27810 m.y. of A = '9903 x I Division of L 






ft 

D 

E 

H 

a 




g 





E + L 

_K + L 

K + L 


K in terms 

K in terina 

E! in terms 

1^4 

L of K 

L of K 

L of K 


+ 

299-4 
205-5 
22 2 '9 
277-8 

245-5 
25 fo 

247- 8 

248 - 0 
25 1 -2 
248-0 
251-5 
258-5 

a35‘3 
232-1 
225-8 
2.3 2-2 
229-3 
223-8 
242-5 
m'9 

231-9 
225-9 
242-5 
238-8 
235’ I 
235-7 
235-2 


+ 

507*0 

503*4 

504-5 

501- 2 

501*7 

502- 1 
495-2 
45x-i 

4^3*7 

458 - 7 

459 - 1 

471*9 

476-2 

475'i 


225-5 
215-9 
2 15 0 
225-3 
2 i 5 -o 


221-3 
2 1 5-0 
218-8 
221*5 

213- 1 

209- 9 
189-0 
188-2 
215-5 
205-2 
202-2 
207-1 
198-8 
217-0 
196-5 
204-8 

210- 9 

20I-I 

214 - 2 


-f- 

444-5 

444*5 

441-2 

439*0 

436-5 

436-9 

436-7 

400-8 

405*9 

409-4 

407-8 

415*5 

417-8 

417*4 


H- 

224-4 

215- 8 
217-3 

235*5 

223-3 

217-0 

222- 9 

216- 2 

233-0 

203- 9 
220-1 
219-5 

223 - 0 

2X2-0 

193*9 
215*3 
200-1 
212-3 
203 -2 
2 o 8'5 

209- 0 
205-4 

204- 5 

210- 7 
204-7 
210-0 
207-9 
207-2 


-f 

442-3 

445*0 

442-4 

441-2 

438-9 

441-9 

437*1 

411-3 


413-8 

416-4 

417*4 

416-8 

417*1 


O rcJ 

"s s I 

0 ® 

s w 

w 6 


+ 

44^8 

446-7 

444-7 

442-7 

440-7 

440-9 

437*1 

405-8 

409-2 

411 - 5 

412 - 2 

415*3 

417-6 

417-9 


EbK ABKS 


Observers changed places* 


Heutonant Hcrschel at micrometer K ; 
Mr. Hennessey „ 


Observers changed places* 


Means 


539*17 


after the measurement. 


471-80 


473-41 473*88 



1 Division K : 



” 1’27847 m.jy of A = *9905 x 1 Division L 


Mr. Hennessey at micrometer K ; 
Lieutenant Campbell „ L, 



BANGALORE BASE-LINE 



After the 


< 



< 


Micrometer Eeaeincs ir 

Ditisious 


.a 



•g 

© 

1 








1 

-g 






21 t 20 * 4 r **'" "** 




o m 



§5 









1868 'S 



1 









CO 



Meto 







Mar. 1 

0 

0 

§ 


A 


A 


B 


c 

CD 

1 

■4-i 

© 

a 









<4-1 

o 

« 

CH 

sS 

s 

© 

© 


fe + li 


E + L 


E + L 


E + Tj 


0 


© 

Ph 

in terinB 

E 

in terms 

E 

ill terms 

E 

ill tcnmis 


© 

H 

6 

L 

of K 

• L 

of K 

L 

of K 

L 

of E 

7 a. m- 


0 

0 

+ 

+ 

+ 

+ 

-f 

+ 

+ 

+ 

7 tli 7 58A.M, 

3 

707 

68\i;i 

219-5 

,362-8 

228*6 

4051 

250-7 

384-1 

293-9 

434-9 

8 8 




141-9 

3 <53 '9 

175-0 


132-1 


139-7 

4 

7 i '3 

< 58-53 

224'! 

252-4 

405-9 

!» 55-4 

384-4 

2.3 5*a 

433*4 

8 29 


72*6 


138-5 


152-0 


I27'8 


i 9 < 5-3 

a 

( 58-73 

203-6 

160-6 

5651 

279-2 

iiS'i 

398-4 

280-7 

9 <i -5 

378-1 

185-0 

247-1 

434-5 

8 40 

6 

73-5 

68-88 

172-9 

368-8 

203-5 

400*0 

2 o6’8 

375-0 

i 97‘-5 

431*1 

8 i;o 



69-05 

194*0 


194-6 


16&6 

23 1 *4 

7 

74*0 

204-0 

3 t°l 

190*4 

397*8 

211*0 

372-9 

194-2 

430*5 

^ S 9 

8 


69-24 

165-1 


205*4 


160-4 

2.34-1 

74-6 

22 1 

372-6 

231*0 

394*3 

209-0 

374-7 

223*6 

428-3 



82-4 


I 49'7 


161-7 


162-1 

202*8 

1 1 7 

9 

73-43 

251-6 

445 '° 

2407 

385*1 

262-4 

364*1 

267*0 

430*2 

.11 i6 



73 '82 

191-6 


143-0 


I 00*7 

i6i-6 

10 

83 "0 

267-1 

182-6 

451 ’5 

^ 59 ' 9 . 

123-6 

3847 

^53-8 

i'll -8 

366*7 

264-2 

i6i;‘o 

430-8 

II 25 

11 

83-5 

74-22 

263-9 

A'SrS 

263-7 

385 ’i 

245-8 

365*7 

252-9 

429*8 





191-8 


120-2 


n8-8 

175-2 

244-0 

” 3 ^ 

12 

837 

74'58 

249-6 

463 ’5 

269-1 

384-4 

282-0 

366*8 

431*0 





211*9 


1 14-2 

388-3 

84-0 


185-2 

11 4.5 

13 

84’ I 

74’95 

207*6 

471-0 

232-0 

217-7 

368-2 

209-6 

430-7 





260*9 

47 S '3 

154-8 

385-3 

149- 1 


2 19-0 

53 

■14 

847 

75'35 

201*9 

iSS'o 

200-3 

368-9 

208-0 

429*7 





273-8 

479-6 

195'4 


167*0 

219-6 

0 12 r.M. 

15 

8j-i 

76-13 

2157 

204-0 

373 -a 

225-0 

358-1 

215-3 

421*5 





261-4 

488-0 

167-6 


131-8 

204-2 

0 19 

16 

85-6 

7 < 5-45 

22^*9 

207-5 

372-0 

203-8 

SjS-f) 

2 o8-o 

420-8 





259-6 


162-9 


153-3 

2 I0‘8 

GO 

0 

17 

86‘o 

76-78 

256*0 

493 ’o 

250-0 

373-<5 

262-0 

357-7 

258-1 

420-4 





234'7 


122-4 


94*8 

i6o-8 

0 36 

18 

86-1 

77-10 

291-6 

49^’5 

267-6 

374-0 

268-0 

35 ' 5-4 

255-6 

■420-1 





203-0 


105-4 


87-6 

162-9 

‘0 43 

19 

86'3 

77-41 • 

291-0 

503-9 

279-6 

373-5 

295-0 

358-5 

296-5 

416-0 





210-9 


93 '0 


62-9 

118-4 

0 51 

20 

867 

■77-71 ^ 

234'-8 

5 'o '4 

236'4 

375-7 

240-6 

357'3 

223-1 

420*6 





273-0 


14,3-9 


115-6 

195-6 

I 12 

21 

87'o 

78-52 

250-8 

271-3 

5H7 

248-2 

126-6 

376-0 

239-7 

ii8-i 

358-9 

25a-.3 

i68-o 

421-9 

I 19 

22 

'8.7 '2 

78-85 ; 

242-0 

529-2 

192-4 

375-1 

193-3 

3^1-9 

1 7 7*5 

423-2 





284-5 

531*8 

iSi'-o 

167-0 

243-4 

I 27 

23 

87'5 

79'i4 

2247 

225-0 

375*5 

210-3 

359*5 

199-1 

422-3 





304-2 


1 49 -I 


147-8 

22I‘X 


BAl COMPARISONS 


TY 

19 

measurement — (Continued.) 



Miobo'Hetee Eeaeiitgs in Diyisions 

=: 1 ‘27847 m*7/. o£ A ='0905 X 1 Bivision of L. 



PI 

0H 

a 

8 

'8 

D 

K+L 

K in|tcm 3 

L of E 

E 

E 

L 

E + L 
k terms 
of K 

H 

E 

L 

E 4-L 
in temis 
of E 

% ® s 

d S| 

: iH 1 



+ 

+ 

4 - 

+ 

+ 

”h 

+ 


S > 

309-9 

i 7 :r <5 

485-2 

293-8 

130-2 

425-2 

240-2 

177-0 

4 i 8'9 

42 - 5-6 


4 

23,1 '8 
225-0 

479-0 

217-8 

205-0 

424-8 

117-6 

295*6 

416-0 

423*9 

, 

5 

196-2 
28 ro 

479'9 

193*8 

228-2 

434*21 

211*9 

202*4 

4i6*2 

42T9 

lAiciitcnaiit Caraplocll at mici-omotor K ;; ^ 

Mr, llonnesscy » L. 

6 

ipS'o 

28r8 

48-2-5 

193 *a 

227-2 

422-6 

194-0 

221-3, 

417-4 

42 r -4 


1 

205-7 

273-1 

481-4 

224-3 

194-1 

42:0-5 

231-0 

182-6 

415*4 

419*7 


8 

235'4 

242-4 

480-1 

222-6 

196-7 

421-2 

222-0 

190-6 

414-4 

418*5 


9 

260-9 

215-2 

478-2 

269- X 
145-8 

416-3 

261-9. 

•155*3 

418-7 

415*4 


10 

279-6 

198-0 

479'5 

273-0 

142-8 

417-2 

249-4 

167-9 

418-9 

416-3 


II 

27 r .3 

2o8-6 

481-9 

257-6 

159-0 

418-1 

263-9 

i 5 'a *4 

417-8 

416-4 


X3 

260-6 

217-0 

4797 

266-8 

150*3 

418-5 

265-0 

151-0 

417*4 

4x6-3 


13 

205-6 

27^7 

480-9 

206-6 
. 210-0 

41 8-6 

183*3 

234-0 

419*5 

417*7 


14 

176-1 

3037 

482-7 

201-7 

21.8-6 

42 2 -4 

214-0 

202-9 

418-8 . 

418-0 



208-3 

469-8 

196*7 

2I0'2 

4o8"9 

22 3.-0 
179-9 

404-6 

406-0 


16 

ao 7‘5 

261-8 

471-8 

1977 

208-4 

407-9 

201-8 

2ori 

404-8 

406-0 


17 

272-3 

196-1 

47 o '3 

284-7 

124-2 

410-1 

265,-5 

140-8' 

407-7 

406-6 


18 

270-8' 

197-2 

469-9 

266-0 

141*0 

408-4 

287-2 

119-0 

407*3 

406-0 


19 

194-1 

278-3 

476 '! 

213-0 

195*9 

410-S 

226-5 

i8o-i 

408-3 

407*0. 


20 

215-9 

258-4 

476-8 

219-1 

190-8 

4117 

212-9 

192-8 

407-6 

40.8*3. 


21 

295;4 

176-0 

473*1 

244-8 

164-9 

411-3 

232-2 

174-0 

407-9 

408*2 

Mr. Hennessey at micrometer K ; 

Lieutenant Camplicll „ L. 

22 

233-0 

236-0 

471*3 

^50* 7 

159-0 

411-2 

2I3'2. 

192*7 

407*7 

408-4 


n 

228-3 

240-6 

471-2 

226-2 

183-0 

411-0 

194*1 

212-7 

408-8 

408-1 



BANGALORE BASE-LINE 



Mioeometee Ebabins-s iw Divisions 
1 

1 Division of K == - ' -7 : Iiicli [a.b] on Steel Foot = 

2 1726 '41 


Inch [a,b] on Steel Foot : 


7 th I 35 P.M. 24 87-5 79-41 

I 42 35 87-8 79-68 

1 49 26 87-9 79-97 

2 14 37 87-9 8o-86 

3 30 38 88-0 8i-o6 

3 37 19 87‘8 8r37 

a 34 30 87-j 81-30 

3 43 31 87-9 81-73 

2 50 32 88-3 81-93 

9 th 7 30 A.M. 33 <59-8 70-38 

7 33 34 7 o '5 7 o‘J '8 

7 45 35 7 i'a 7 o''t 4 

7 57 36 7 i '9 7 o ‘’'3 

8 29 37 74'5 7 o' 5 o 

8 44 38 75‘<5 7079 

8 58 39 767 7i’ia 

9 10 40 77 '^ 7 J^' 4<5 

It 3 41 84-9 76-47 

ii 13 43 84-6 76-90 

II 34 43 83-3 77-31 


+ 

271*0 

393-8 

244-6 

259'4 

383-1 

343- 1 
316-1 
308-7 

355'9 

333- 3 
346-4 
3315-0 

33 r 9 

246-3 

332-6 

344- 6 

339 '° 

226-6 

io 7'5 

334- 3 
109-8 

193- 9 
141-4 

185-9 

147-8 

194- 9 
140-6 
179-0 
160-9 

173-3 

172-1 

194-3 

156-0 

304-0 

338-7 

193-6 

354-3 

193-6 

263-9 


542-7 

547 ' 2 
564-3 
368-0 

571-9 

57'5 -i 


335-7 

335-1 

33<5-8 

341-4 

347-1 

351-8 

445-0 

450-2 


A 



B 


C 


K + L 


1: + L 


K + L 

K 

in terms 

K 

in terms 

£1 

in terms 

JL 

of K 

L 

of K 

L 

of K 

+ 

-I- 

+ 

+ 

+ 

4- 

233-8 

377-1 

247-8 

353-9 

200-4 

423-5 

I32-I 


115*0 


221*0 


198-4 

375-1 

228-3 

362-9 

222*1 

423-2 

176-0 


133-3 


199*2 


336-4 

377-5 

278*8 

3 ^ S '1 

213*4 

435-0 

139-8 


86-1 


209*6 


253-4 

379-5 

226*4 

359-3 

251*3 

437*4 

133-0 


141-4 


174-5 


300-4 

380-7 

301-6 

369-9 

ly7*7 

438-9 

178-6 


166-7 


339*0 


303'3 

384-0 

225-7 

368-6 

232-9 

437-1 

1 80- 1 


141-5 


192-4 


326-3 

382-4 

240-5 

359-1 

340-9 

427-7 

154-4 


137*4 


185-0 


301-5 

384-0 

i 83-I 

369-6 

214-6 

430*0 

180-8 


185-7 


213-4 


334-6 

386-3 

163-6 

369-6 

175-9 

432-3 

150-2 


204-0 


254-0 


I97-I 

345-9 

163*8 

335-0 

151-5 

383-0 

148-4 


169-6 


339-3 


169-8 

344-5 

i68-7 

330-8 

193-0 

380-1 

173-0 


160-6 


186-3 


169-9 

343-9 

164-6 

332-0 

177-0 

381-8 

172-3 


165-8 


303-9 


174-6 

343-5 

164-2 

329-0 

187-7 

378-1 

167-4 


163-3 


t88-6 


188-9 

335-8 

178-8 

3i9’4 

171*1 

372-4 


334-7 

334- 5 

335- 0 

335-7 

338-5 


139-3 

152-6 

165-1 

164- 9 
151-6 

165- 9 
149- X 
167-3 

149- 2 
171-3 

150- 1 

173-4 

146-3 


319-3 

318-0 

3 i< 5‘4 

317-8 

322-7 


199-4 

143-3 

234-3 

186- 7 

182- 3 

183- 6 

187- 4 

183-8 

189-0 

i86-6 

189-1 

189-0 

189-0 


3^9-7 

370- 8 

371- 8 

374-5 

377-5 

379’8 




BAE COMPARISONS 


IX. 


Measursment — (Continued.) 
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BANGALOEE BASE-LINE 


After the 



m;iobombtbb Esadings in Ditisions 

1 mvision of E = ® — 

2 17 20 41 


k m. ° ° 

9 th II 35 A.M. 44 85'5 7773 

0 6 p.m. 45 87-5 79-14 

0 17 46 87-5 79-60 

0 28 47 88-1 8o-o8 

0 40 48 88'o 80-56 

1 18 49 89-3 82-04 

I 29 50 88'9 82-42 

.1 40 51 88'6 82-82 

1 52 52 88-8 83-22 

2 20 53 90-6 84-15 

2 30 64 9°’4 84-48 

2 48 55 90-8 85-ia 

3 5 , 56 90-1 85-73 

10 th 7 38 A.M. 57 71-5 ‘jo'Z'i 

7 52 58 72-4 70-29 

8 18 59 73-8 70-40 

' 8 31 60 74-5 70-50 

8 46 61 75-4 70-74 

8 58 62 76-1 70-93 

911 63 76-8 71-12 


+ 

207-6 

257-1 

236-4 

^SS'I 
2 .W 7 
246-3 
264-9 
24,5 ‘4 
266-2 
^ 5 . 3 ‘6 
261-4 

283- 0 
266-4 
286-5 
277-4 

284- 7 

2c;4'6 
284-8 
308-9 
293-8 
,309’.3 
.8 0.3 'I 
.3i5'7 
322*3 

h^'3 

168- 3 
157-0 
167-8 

1.3 7'4 

166- 4 

162- 6 

163- 6 

167- 2 
166-6 
t73’i 

169- 5 

17.3-1 

168- 3 

180-6 


+ L 

in terms 
of X 


467-2 

494-6 

502-4 

512-7 

522*2 

647 'i 

5657 

564-8 

572-9 

596-7 

606" I 
621*8 
637-6 

326*8 

326-7 

330-6 

332’4 

341-4 

346-3 

350-6 



A 


B 


c 


K + L 


K Ij 


K + L 

K 

in terms 

K 

in terras 

E 

in tei'ms 

L 

of K 

L 

of K 

L 

of K 

+ 

4* 

+ 

+ 

+ 

+ 

174-8 

338-4 

1.59-8 

330-3 

203-6 

379-8 

162*0 


159-0 


174-5 


186-5 

343-4 

158-8 

335-9 

182-2 

384*5 


174-2 

166-3 

172*8 

169*6 

197-2 

146-0 

191-4 

L 3 , 3'9 

196-6 

150-6 

i8i*i 

168-2 

176-8 

182- 8 

194- 0 

168-5 

196-4 

17,3-4 

195- 8 
1788 

183- 6 
148-9 
160-9 
173-0 
1 71-9 
1 60 -6 
176-2 


341- 4 

342- 1 
344-0 

344*6 

346-8 

348-6 

350-9 

361-4 

364-1 


333-9 

335*6 

334*0 

.3337 

338-4 

339*1 

340-2 


165-5 

164- 9 
157-6 
i5i'9 
170*7 
177-1 
147-8 
192*8 

138-5 

187-6 

145*1 

165- 9 
167-8 
187-4 


324-0 

334*2 

326-3 

333*6 

334-1 

3.35*3 

338-8 

348-7 

353-7 

359-9 

366-6 

331-3 

321-7 

321-4 

321-5 

334*9 

326-8 

326-9 


200*4 

187-4 

395*5 

192- 7 

193- 8 
189-9 
199-2 
192*2 
196-7 

192- 5 

196- 3 

189-5 

204- 2 
203-2 

194- 1 
2or8 

205- 2 
209-1 
201-5 

179- 2 
236-3 
207-0 
216-1 

1847 

i8i*2 

176- 7 
190*1 

180- 2 
185-4 
178-1 
189-0 
185-0 
1 8 ( 5*2 
182*1 

193- 0 

177- 9 

197- 0 


384-8 

388-4 

391-0 

390-8 

390-7 

3957 

399-2 

409*0 

412-5 

417-8 

435-2 

367- 6 

368- 6 

367- 4 

368- 9 
373*0 
377-0 
376-8 


BAR COMPARISONS 


IS. 
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measurement — (Continued.) 


Miceoketee Heabings in Ditisions 

= 1-27847 m.y. of A = '3S05 X 1 Division of L 

Eemarks 

1 

1\0. of comparisoa i 

D 

E 

L 

Z + L 
in terms 
of K 

E 

K 

L 

+ L 
in toriDB 
of K 

H 

E + L 

K in terms 

L of IC 

Mean of the 
compensated 
bars 


+ 

-+■ 

+ 



-h 

+ 


44 

213-4 

439-1 

177-8 

365-3 

176-4 

370-0 

367-^ j 



213-6 


185-7 


191-8 



, 

45 

213-6 

430-9 

189-5 

371-4 

186-9 

371-8 

311-2 

IJentenant ITcrseliel at inicromcter K ; 


215-3 


180-3 


183-1 



Mr. Hennessey „ L. 

46 

33(5-3 

433-1 

187-0 

375-0 

181-4 

31 S' 3 

312-1 



303 '9 


186-2 


192-1 




47 

32 I’5 

433-8 

184-8 

374-8 

186-3 

377-3 

373-4 



310-3 


188-2 


189-2 




48 

201-3 

437-7 

189-0 

377-6 

198-5 

374‘8 

31 S '2 



a34\3 


i86-8 


174-6 




49 

222-1 

437-8 

189-9 

381-3 

195-3 

382-3 

378-3 

Observers duin^fcd places. 


313-6 


189-6 


185-2 




.50 

222-3 

443-2 

T96-3 

380-7 

196-8 

381-6 

3 79 '4 



317-8 


183-6 


183-0 





210-8 

440-8 

183-8 

383-6 

183-3 

383-0 

381-3 



327-8 


197-9 


197-8 





223-8 

446-7 

188-8 

385-7 

195-6 

387'a 

384-8 



32X-8 


195-0 


189-8 




53 

223-3 

456-0 

306-7 

39V1 

188-3 

394‘5 

394'6 

Observers cliangcd places. 


231-6 


189-3 


204-3 




54 

233' 1 

456 -6 

213-4 

397-8 

197-7 

399’S 

391'° 



220*4 


182-6 


199-9 




55 

210-6 

467-7 

197-5 

405-9 

194-0 

405-8 

404-8 



364-7 


206-4 


209-8 





329-1 

469-7 

198-3 

411-4 

220-2 

411-2 

410-1 



338-3 


311-2 


189-3 




SI 

311-9 

413-7 

185-6 

3S7‘9 

174-5 

353 •! 

357-9 

Lieutenant Ilorsdiel at micrometer K ; 


199-9 


170-7 


176-9 



Mr. licunesscy „ L. 

58 

201'2 

416-4 

179-5 

358-9 

1 79-1 

356-8 

3S9‘1 



213-2 


177-7 


176-0 




59 

204-6 

417-3 

187-9 

360-2 

172-1 

358-0 

3S9'1 



310-7 


170-7 


184-1 




60 

204-9 

417-8 

174-8 

361-1 

172-3 

356-8 

360-0 



210-9 


184-5 


183-7 




61 

207-0 

431-8 

175-6 

364-1 

169-3 

363-9 

364-3 

Observers changed places. 


313-8 


186-7 


191-8 




62 

3 o 6-I 

433-6 

178-0 

364-4 

176-4 

364-3 

365-9 



315-4 


184-6 


186-0 




ds 

319-9 

437-1 

188-0 

368-4 

170-0 

363-4 

3^Ti 



205-3 


178-7 


191-6 





BANGALORE BASE-LINE 


Afier the 


MIOEOMUTEK EeADISTG-S IK Ditisioks 
1 Division of K = Incli [a.i] on Steel Foot = 


1868 “S 



loth 9 aa a.m. 64 


'I 43 

65 

86-6 

75-90 

i-l 

66 

87-5 

76-36 

0 

k 

67 

88-1 

76-83 

0 23 

68 

88-0 

77‘47 

1 23 

69 

89-1 

80*25 

1 33 

70 

88-3 

80*63 

1 43 

71 

87-7 

80-95 

1 54 

73 

87-7 

81-25 

3 34 

73 

89-0 

82-43 

3 43 

74 

89-0 

82*67 

2 55 

75 

89-1 

83-10 

3 6 

76 

88-8 

83-44 







Means 

76-46 


4. 

1 64'9 

i 88'2 

175-9 

243 '8 
187-3 
242*8 
210-9 
229-5 
212-6 
^39-9 

249*8 
a 59*8 
246-7 
269*6 
262*0 
260*3 
267*0 
260*9 
274*7 
276-9 
273-6 
283-6 
27S-4 
288-8 
%6 <'k 
3 10-2 


K -t- L 
in terns 
of K 


+ 

354-9 

422*0 

432-4 

442*6 

454-8 

512-1 

518-9 

524-8 

530-4 

554-3 

559-9 

570-0 

578-7 

466-14 


A 

B 

K + L 

_E + L 

K in terms 

K in terms 

Ii of E 

L of E 


4- 

163- 8 

177- 0 
200*6 
129-7 

166- 8 
i 68 -o 
i 6 o-o 
176-2 
171*1 

167- 0 

179- 9 

164- 7 

180- 1 

167- 0 

i75'9 

172 - 5 

171- 2 
176-7 

178- 1 

173 - 9 

181- 9 

172- 2 

168- 9 

189- 1 
162-4 

190- 8 


4 - 

342-5 

331-5 

336 - 4 

337 - 9 
339-7 
346-3 
348-7 
350-1 

349’6 

353-7 

355-8 

365-8 

355-0 

361-72 


^ 58-7 

170-0 

147-1 

164-8 

164-8 

194-9 

131-9 

171*0 

158- 0 

175-5 

1 56-1 
177-8 

159 - 5 

1 83- 0 

1 58- 0 

172- 0 

173 - 5 

184- 0 

159 - 4 


3^9-3 

320-0 

320-9 

318-5 

331-3 

328-1 

330-5 

333-1 

338-8 

342-5 

347-2 

344- 9 

345 - 95 


4 “ 

184-5 

191- 1 
179-0 
191*1 
176-4 
194-1 

184- 5 

185- 6 

i 8 i-i 

193 - 7 

192- 8 

194 - 3 

190- 2 
194-1 

197- 0 

191- 3 

191- 9 
196-1 

192- 9 
303 -9 

198- 3 

199- 0 
198*6 
200*3 
189*4 
210*0 


in torais 
of K 


+ 

377‘4 

Syrg 

37^*4 

371-9 

376*7 

389 - 0 
386-2 

390 - 1 
389-9 

398 - 7 

399 - 2 

400 - 8 
401*4 

402-70 


Let tlie mean length of the compensated bars minus the Standard A at 62° F be denoted 
by X, and the observed excess of the compensated bars by S when the temperature of A is f- 
Then, the expansion of A for 1° being — ■ dF^), we have 

- 6 F){F^- dFJ^B = o; ^ 

Treating the bar comparisons “ Before the measurement as shewn in this equation, we 
obtain the following series of results : — 


BAR COMPARISONS 


measuremeni-~ (Continued.) 




Miceometeb Bead in os in Divisions 






= 1*27847 Wi.y, of A 

= ‘OeOli X 1 Division ot L 





o 

D 


E 




O) rcJ 

E E M A E K S 


(33 

Ph 



H 





a 










8 







0 pj ^ 



*o 

K 

K + L 


K + L 


K + L 

ir 



6 

in terms 

K 

in terms 

K 

in terms 

a 8 




L 

of K 

L 

of K 

L 

of K 




(54 

+ 

+ 

+ 

+ 

+ 

+ 

+ 1 



ai 3‘3 

4 a 4‘3 

199*0 

3*57*9 

187*0 

3 * 53'<5 

2,6‘j-q 




aop-o 


167 *.3 


174*9 





i9o’o 

419*2 

171*7 

357 ‘t 

176*5 

364*0 

360-$ 

TJcutenant Canipbcll at mcromcter K ; 


66 

2.a7’o 

418*1 

18,3*6 


185-7 

Lieutenant Hersdicl L. 


203*1 

i 93 'o 

358-4 

180*0 

3*55-1 

361*7 



<57 

213*0 


163*8 


183-3 





211*9 

420*7 

1757 

360*4 

178*3 

366*1 

363*0 



68 

ao6'8 


i8a*9 


186*0 




20 . 3*7 

424*4 

179*6 

3 (>o -3 

182*3 

366*6 

364-4 



69 

a 1 8*6 


179*0 


182*3 



212*6 

434 ’o 

18 1 *2 

372*6 

186*9 

376*8 

375-0 

ObservorH clian^^otl pliicca» 



2 i 9*3 

434 ’^ 

189*6 


i88*i 




70 

21 . 3*7 

183*2 

3 73 '9 

177*2 

376-8 

374-7 



71 

ai8*8 


188*9 

197-7 



22 . 3*7 

20 ( 5*0 

4337 

187*2 

189*0 

378*0 

183*0 

194*0 

378-9 

376-9 



7a 

208*8 

437'0 

183*7 

37^'5 

194-9 

37^4 

31 T 3 



73 

226 0 


191*0 


181*8 




224*8 

440*9 

194*1 

382*9 

191*1 

383-6 

383-1 



74 

214*0 


187*0 


190*7 



214*2 

443*9 

198*0 

383-7 

190*7 

385-8 

385 -a 



75 

227*5 

446*8 

183-9 


193-a 



217-4 

190*9 

388*0 

202*8 

390*1 

389-8 

ObsorverH cliangfca places. 


76 

227*2 


195*2 


185-5 



221*9 

225*6 

4497 

1957 

191*0 

00 

CO 

cp 

C-n. 

192*9 

193-2 

388*0 

387-9 

- 


1 Means 


449*72 


391-47 


389*66 

39°'43 




Before the measurement — (Continued.) 


(2 





— 189*1 = 0 

£V + 

1*17 


■—186*3 = ^ 


Q'6^ 


—173*0 = 0 


4*23 


- 75*7 = 0 




- 49*3 = 0 


7-63 


- 25-1 = 0 


8*88 


— 6*1 = 0 


9-85 


+ 6*4 s 0 


d 


<2?- 10*87 ' 

- dEJ + 30*3 = 0 

X— 0*31 


-170*3 = 0 

x + 0*04 


-173*0 = 0 

x + 0*04 


—163*1 = 0 

X— 0*31 


-146*5 = 0 

1 

q 

do 

cc 

yy 

-133*5 = 0 

X— I *60 

yy 

— ii6*9 = 0 

a?— 6*17 


1 

0 

db 

II 

0 




BANGALORE BASE-LINE 



Before the measurement — (Continued.) 




d 



d 

7-69 • 


1— 13-3 = 0 

*+ 0-16 ■ 

- dE ,) 

— 165-6 = 0 

a — 8-33 


- 3-0 = 0 

a 5 + 0*00 

yy 

— 158*1 = 0 

w - 8-93 


+ 6-4=0 

35 — 0-38 

ft 

yy 

-148-7 = 0 

w — 9-50 


+ II'O = 0 

X — 0-66 

yy 

— 140-9 = 0 

af— 10-06 


+ 18-3 = 0 

as— i-ii 

yy 

— 139-9 = 0 

a:— 10-64 


-1- 25-3 = 0 

as— 5-31 

yy 

- 48-7 == 0 

« — 11-37 

>y 

+ 33‘5 = 0 

as— 6-11 

yy 

— s ^'9 — 0 

a:— 13*03 

yy 

+ 43‘5 = 0 

as— 7-06 

yy 

— 31*4 = 0 

13-59 

yy 

-f 46-9 = 0 

as— 7-93 

yy 

— 7'4 = 0 

a?- 13-05 

yy 

+ 51-5 = 0 

as— 8-80 

yy 

4 " 4*6 = 0 

*-13-40 

yy 

4- 58-6 = 0 

as— 9-80 

yy 

4 - 16-6 = 0 

a;— 13*69 

yy 

+ 6 o *3 = 0 

as— 11-16 

yy 

4 - 36-1 = 0 

35—0-57 

yy 

-159*1 = 0 

as— IT-91 

yy 

4 - 45*9 = 0 

a— 0-35 

yy 

— i66*i = 0 

as— 13-66 

yy 

+ 55'^ = 0 

a?— o-oi 

yy 

— 170*4 = 0 

as- 13-36 

yy 

4 - 64-3 = 0 

30+ 0-14 

yy 

— 173*6 = 0 

as— 13-87 

yy 

4- 67-0 = 0 

ie+ 0-31 

yy 

-170*9 = 0 

35—14-34 

yy 

+ 

q 

CO 

II 

0 


And from the mean of these results, 

X = + 5a*i3 + 6-i8 — dEJ : 

adopting the original value of the expansion of A given at page ( 9 ), 

d 

E ^ = 22-67 = i 7743» 

d m.y 

and X = 161-78 — 6-i8 dE^ — 206-71 — 6-18 dE^ = L — A; 
where L denotes the mean length of the compensated bars obtained from all the comparisons, 

d 

as represented by the mean micrometer reading 499-86, page IX . 

9 

Comparing this reading with the mean reading of each compensated bar given on pages 
IX_g and IX_^ we obtain the following : — 


In terms of 

A-L B-L C-L D-L E-L H-L 

Micrometer divisions. 

Millionths of a yard. 

-38-68 -40-16 4-10*37 -+-59-89 4-2*73 —4*15 

-36-64 -51-31 +13*35 +76-53 +3*48 — 5’3o 




BAE COMPAEISONS 


Before the measurement — (Continued.) 

Also combining the values in, this table with tbe equivalent of L— A I’ust determined 
there result. 


A - A = 133-10 - 6-i8 dEa = 170-07 - 6*i8 dE ^ 
B — A = iai-6a~ „ =1^3-40— „ 

C- A = 173-15- „ =319-96- ,, 


d m,y 

D - A = 331-67 - 6-i8 dE ^ = 383-33 - 6-i8 dE ^ 
E — A = 164-50 — i , — 310-19 — 

I-I - A = 157-63 - „ = 301-41 - „ 


HU.J 

and 6 a; = iHo‘3 ■— 37’i 


Aleut the middle of the lase-line. 

Again from tbe bar comparisons “ After set No. 287”, we obtain tbe following series of 
results : — 


a?- o-ii [ E ^ 

— 

0 

II 

w 

1 

a?-io*4i [ E ^ 


d 

dK)+ 34-5 = 0 

x — yii 


- 18-3 = 0 

a?— 10*93 

33 

4- 41*9 = 0 

X— 8-15 


— 1-7 = 0 

a?— 11-47 

33 

4 - 49*3 = 0 

X— 9-03 

n 

4- 9-9 = 0 

a?— 13*03 

33 

4- 56*9 = 0 

ar— li‘99 


4- 59 ® “ ® 

a?- 1 3-55 

33 

4- 66-5 = 0 

a;-i 3-59 


+ 67-3 = 0 

a?— 13-61 

33 

4 - 78‘3 = 0 

a;-i3-i3 

)) 

+ 74*6 = 0 

a?— 14-03 

33 

4- 84*8 = 0 

a;— 13-81 

>} 

4 - 87-0 = 0 

a?- 14-45 

33 

4 - 90-6 = 0 

14-36 

33 

+ 94-1 = 0 

a?— 14*88 

33 

4 - 98-9 = 0 

14-89 

33 

4-103*0 = 0 

a?— 15-36 

33 

4 103-9 “ ® 

a;- 15-34 

33 

4- 107-0 = 0 

a?— 15*60 

33 

4-106-6 = 0 

1 

do 

0 

33 

4113-6 = 0 

a?-i 5-94 

33 

4-113*7 = 0 

16-30 

33 

4117*5 = 0 

a?— 16-38 

33 

4-114*3 = 0 

a?— 16-75 

3 * 

4133-3 = 0 

X— 3*96 

33 

- 133*8 = 0 

ar— 17-11 

33 

4-139-6 S: 0 

a?— 3-01 

33 

— 130*3 *5 0 

a?— 1-88 

33 

-138-3 = 0 


33 

-115-6 = 0 

w — i '79 

33 

— 141-4 = 0 

3'43 

33 

— io8*4 = 0 

ts— 1*76 

33 

— 139-3 = 0 

X - 3-73 

33 

— 99-8 = 0 

X — 1-76 

33 

-139-3 = 0 

x~ 4-08 

33 

— 89*7 = 0 

1-88 

33 

-138-5 =fi 0 

a?— 4-48 

33 

— 78-1 = 0 

so — 3*05 

33 

-133-5 = 0 

a?- 7-93 

33 

— 30-3 =a 0 

a?— 3-35 

33 

— 134*6 riS 0 

X- 8‘54 

33 

— 8>4 0 

X— 8-10 

33 

— 4*3 = 0 

a?~ 9*15 

33 

4- 5-0 = 0 

a?— 8*90 

33 

•4 11-5 = 0 

a?- 9-75 

33 

4 - 13*9 = 0 

X— 9-75 

33 

4 - 34 ’i = 0 

a?— 10*33 

33 

4- 33*9 = 0 



TX . BANGALORE BASE-LINE 

Ahoiit Ihe middle of the base-line, after set No. 287 — (Continued.) 



d 



d 

iK-ir72 (.E«- 

dEa) + 43'0 = 0 

x- 3-27 {E^ 

— • 

diEa)-izr 0= 0 

a;- 12-23 „ 

+ 53-2 = 0 

a— 2-24 


— 128-3 = 0 

K— 12-71 3, 

+ 62-7 = 0 

d?- 2-45 

S} 

— 119-6 = 0 

37-13-18 33 

+ 69-0 = 0 

X— 0,-62 


-115-1 = 0 

^-i 3'^3 » 

-1- 74-7 = 0 

X- 2-86 

ay 

— 109-0 = 0 

“^-15*07 

+ 95-2 = 0 

X- 3-14 


-102-5 = 0 


-1- 102-4 — 0 

3'47 

V 

- 97-5 = 0 

«'’-i 5’95 

+ 110-5 = 0 

X— 3-86 


— 87-0 = 0 

»- 16-56 3, 

+ ii6-8 = 0 

a— 10-5.3 

}} 

+ 39-0 = 0 

te- 16-88 33 

+ 121-9 = 0 

a;— 11-29 

)> 

+ ^i‘8 = 0 

X i 7’®4 3 ) 

+ 126-1 = 0 

a:— 11-96 


+ 59-8 = 0 

X— 3,'66 „ 

— 128-5 = ° 

di- 12-55 

3 ) 

+ 69-0 = 0 

®- 3-53 3, 

-130-5 = 0 

a;— 13-78 

}) 

+ 87-4 = 0 

X— 2-40 3, 

— 131-8 = 0 

57—14-82 

33 

+ 101-8 =: 0 

«- 2-32 3, 

-133-6 = 0 

«_ 15-30 

33 

+ 109-9 = 0 

And from the mean of these results, 

d 





a: =- 4 - 85 -f 9-48(iL - 

adopting the original value of the expansion of A given at page ( 9 ), 

7 n,y d 

K = ^^‘67 = 17738, 

d m,y 

and X = 163-31 — 9-48 dJE^ = 208-72 — 9-48 dIJ^=jj — a. 
Proceeding as on page IX we obtain; 


In terms of 

A-L B — L C-L D — L E-L H — L 

Micrometer divisions. 

Millionths of a yard. 

— 25*24 ■— 4^'55 4-12-05 +56*29 — I'oS -+-0-53 

—32*26 — 54*38 +15*40 +71*94 —1-38 +0-68 


Also the following ; 

d m.y ^ 

A - A = 138-07 - 9-48 dE^ = 176-46 - 9-48 dE^ D - A = 219-60 

B “ A 120 76 — „ := 134-34 “- ,, B •— A = 162-23 

C- A = 175-36- „ =224-12- H-A= 163-84 

my 

and 6 a; = 1252-3 - 56-9 dE ^. 


m.y 

- 9-48 dE^- 280-66 - 9-48 dE^ 

- „ = 207-34 - „ 

- „ = 209-40 - „ 




BAR COMPARISONS 




After the measurement — (Continued.) 


of ''After the measurement;' we obtain the following series 


ar- 673 

— < 

0 

II 

P 

1 

a?- 6*53 

^9 

— 64-9 = 0 

(c — 6*^1 

99 

- 64-8 = 0 

»- 5-53 

99 

— 6o-o = 0 

»- 673 

99 

— 56-4 = 0 

X— ( 5-88 

99 

“ 54-6 = 0 

*- yo 5 

99 

— 49-0 = 0 

X— 724 

99 

- 45*9 = 0 

«-ir 43 

99 

+ 49-6 = 0 


99 

+ 35'^ = 0 


99 

4- 58-9 = 0 

a?— ia’58 

99 

4 - 47-4 = 0 

ii?--ir 95 

99 

+ 53'3 = 0 

®--i 3’35 

99 

4- 60-3 = 0 

af-i 4 -i 3 

99 

4- 73-6 = 0 

a;- 14-45 

99 

+ 84-0 = 0 

a;— 14-78 

99 

+ 86-4 = 0 

ff— 15-10 

99 

4 - 90-5 = 0 

a- 15-41 

99 

+ 96-9 = 0 

<if-i 57 i 

99 

+ I 04 T = 0 

a?— 16-5® 

99 

4-II6-5 = 0 

a!— 16-85 

99 

+ 140-8 = 0 

«— 17-14 

99 

+ 143-7 = 0 

a;— 17-41 

99 

+ 147-6 = 0 

a?— 17-68 

99 

+ 134-8 = 0 

a? --17-97 

99 

+ 137-4 = 0 

1 

CO 

do 

99 

+ 150-8 = 0 

O'— 19-06 

99 

+ 170-4 = 0 

a?— 19-47 

99 

+ 157-8 = 0 

a?— 19-50 

99 

+ 161-4 = 0 

a?~i 9-74 

99 

+ 169-4 = 0 

af—ig-9a 

99 

+ 169-8 = 0 

1 

id 

GO 

99 

— 35-6 = 0 

af— 8-i8 

99 

- 33‘3 == 0 


ar- 8-14 {Ea 

— i 

32'5 = 0 

*— 8-13 

99 

— 34-4 = 0 

X— 8-50 

99 

— 45-0 = 0 

X— 8-79 

99 

- i8-8 = 0 

a?~ 9-14 

99 

- 13-4 =: 0 

X— 9-46 

99 

— 8-5=0 

a- 14-47 

99 

+ 81-4 = 0 

as— 14-90 

99 

+ 84-3 = 0 

a;- 15-31 

99 

+ 94-8 = 0 

^-^5-73 

99 

+ 100-0 = 0 

as— 17-14 

99 

+ 143-4 = 0 

0 

1 

99 

+ 130-3 = 0 

a?— i8-o8 

99 

+139-3 = 0 

as— 18-56 

99 

+ 147-0 = 0 

a?— 40-04 

99 

+ 168-9 = 0 

a?— 40-44 

99 

+ 176-3 = 0 

a?— 40-84 

99 

+ 183-5 = 0 

as— 41-44 

99 

+ I88-I = 0 

a?— 44-15 

99 

+ 404-1 = 0 

as— 44-48 

99 

4-409-1 = 0 

as— 43-14 

99 

+ 417-0 = 0 

as-43-73 

99 

+ 447-5 = 0 

as— 8-34 

99 

- 31-1 = 0 

as— 8-49 

99 

- 33-0 = 0 

as— 8-40 

99 

— 49-1 = 0 

as— 8-50 

99 

— 47-5 = 0 

do 

I 

99 

— 44'8 = 0 

as- 8-93 

99 

— 19-6 = 0 

as— 9-14 

99 

- 16-5 = 0 

as- 9-35 

99 

— 14-1 = 0 

as— 13-90 

99 

+ 6i‘5 = 0 

as— 14-36 

99 

+ 70-7 = 0 

as— 14-83 

99 

+ 79-6 = 0 

as- 15-47 

99 

4 90-4 = 0 
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After the (Continued.) 


d d 


«-*i8*25(E,* 

- 137*1 = 0 

*-20*42 [ E ^- dE ^) +171*2 = 0 

fl!— 18*62 

„ +144*2 = 0 

*-20*67 „ +174*7 = 0 

a?— 18*95 

„ +147*9 = 0 

*-21*10 „ +i8o*2 = o 

a?- 1 9*25 

„ +153*1 = 0 

*-21*44 „ +190*8 = 0 

And from the mean of these results, 



d 

a: = - 75-94 + 14*46 (4 ~ dH^) : 
adopting the original value of the expansion of A given at page ( 9 ), 

m.y d 

= 22*67 == ’^7732^5 

d m.y 

and X = 180*46 — 14*46 dB^~ 230*72 — 14*46 = L — A ; 

Proceeding as on page we oblain 


Interns of 

A-L B-Ii C-L D-L E-L K-h 

Micrometer divisions. 

Millionths of a yard. 

-28*48 ~ 44‘35 +13*50 +59*52 +1*27 -0*54 

-36*41 -56*57 +15*98 +76*10 +1*62 -0*69 


Also the following ; 

i 

k - k = 153*98 
B - A = 136*21 
C ~ A = 192*96 
B ~ A = 239*98 
E - A = 181*73 
H- A =179*92 

m.ij 

and 6 a; = 1384*3 - 86*8 dB^. 


- 14*46 dB „ = 194*31 - 14*46 dE ^ 

jj ~ 174 ^5 **“ n 

- „ = 246*70 - „ 

- » = 3 o6 'H2 - ,, 

“■ jj = * 3^'34 “• I) 

- =230*03-- „ 



BAR COMPARISONS. 


IX. 


Final deduction of the total length measured with the compensated bars. 

} 


From page IX the excess of the <5 compensated bars above 5 times A 

^ / 

before the measurement 

„ IX__^3 « set No. 387 

IX_ 


1340-3 


” 30 

Therefore the mean excess 
and „ 


3> 

ss 


= i 25»'3 

a/ifer the measurement =1384-3 

applicable to sets Nos. 1, & 3 to 387 = 1346'3 
applicable to sets Nos. 388 to 573 = J3i8'3 
Also the mean length of a set of 6 compensated bars in feet of the standard, \ A 

applicable to sets Nos. i, & 3 to 387 J ~ °° 373»9 

= 60*0039549 Jq 

Similarly from pages IX_ and IX_„g the mean excess of the 3 compen-\ _ 

*7 ■^“sated bars A, C, H above 3 times A j ‘ 

and the mean length of a set of compensated bars A, C, H in feet of thel A 

standard, applicable to sets Nos. 3 ^ and 33 J ^ io 

Also from pages IX and IX„„jj the mean excess of the 4 compensated \ _ . 

I - » 3 » I 


and the mean length of the set of compensated bars A, B, C, D in feet of \ . 

the standard applicable to set *1 J ' 

Similarly from pages IX__ oandIX the mean excess of the 2 compen-\ 

^ sated bars A, B above twice A j 

and the mean length of the set of compensated bars A, B in feet of the stand- \ , 

s J 


and IX. 


ard, applicable to set 
the mean excess of the 5 compensated'! 
bars A, B, C, B, H above 5 times A J 


40*0034963 g 

m,y 

= 349-6 

fl 

30*0010488 

m.y 

- 1098*5 


Also from pages IX — 

and the mean length of the set of compensated bars A, B, C, D, 11 in feet ofl _ ^ 

the standard applicable to set No. S/BiJ 5^9o5 10 


37’ I dEa 
56*9 dE^ 
86*8 dE^ 
47*0 dEa 

71 ’9 (^Ea 

47*0 dEa 

71*9 dEa 
33*5 dEa 

23 ‘5 

31*3 dEa 
31-3 <^Ea 

* 23‘9 (^Ea 
■ 23*9 ^Ea 

• 59-9 dK 
' 59-9 dEa 


Hence the total lengths measured with the compensated bars, 

ffflt of A 

301 (60*0037389 — 47*0 dEJ 


feet of A 


In sets Nos 
or B.W. End to Station 


:ationA J | 


X (40*0034963 -31*3 dEa) 


Sum = 


In sets Nos. to *3 
or Stu. A to Stn. to B 




In sets Nos. *3 to 573^ \ 
or Stn. B to N.B. End i 


I (40*0034963 
85 (60*0037389 
74 (60-0039549 
I (30-0010488 


• J (30-0010488 
311 (60-0039549 

I (50*0033955 


31*3 dEJ 

47*0 dEa) 

71*9 dEa) 
23*9 (^EJa) 


Sum = 


23-9 dE«) 

71-9 ^Ea) 
59*9 ^Ea) 

Sum 


— • 

60*0036 — 

9447 a^a 

47 dE^ 

HZ • • n 

40*0035 — 

31 dEa 


13160*7576 — 

9535 dEa 


— 40*0035 + 

31 dEa 

H= , , . 

5100*3178 - 

3995 

— «l n » 

4440-3937 - 

5331 r/B* 

ZH fc , , 

i:^o*ooxo — 

24 dEa 

zn • „ t 

9530-6090 - 

■ 9309 dEa 

•r— * « • 

— 30*0010 -4 

^4 dEa 

• • • 

13660*8345 — 

15171 dEa 

m *, • 

50*0033 - 

60 dEa 

-r— p k * 

13690*8368 — 

15307 dEa 


34373*3034 - 

34041 


In sets Nos. 1 to 573 ^ or S.W. End to N.E. End . . 
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final deduction of the total length measured with the compensated bars~(Oontmtied.) 

the mean temperature of A during the har comparisons before the measurement and after set 
No. 387 was 53° + ^ = 59“-8, for which temperature the corresponding expansion of A from page (19) 
= 31-696 m.y. Again the mean temperature of A during the har comparisons after set No. 387 and after 
the measurement was 63° + = 74°-o, for which temperature the corresponding expansion of A from 

page (19) = 31 -733 m.y. Comparing these values of expansion respectively with the original value = 33-67 m y 
used in the foregoing; it is found that the values of dB^ = -|- 0-974 m.y, for sets Nos. i to 387, and 

= + 0-948 m.y, for sets Nos. 388 to 573. Substituting for dE^ respectively these numerical values there 
result, ’ 

Total lengths measured with the compensated bars 


in sets Nos. i to \ or S. W. End, to Station A = 

» *1 *2 or Station A, to Station B = 

« * to 573i or Station B, to N. E. End = 

„ I to 573i or S.W. End, to N.E. End = 


' feet of A 

{ l % l 6 oyr ^ j 6 — *0:^78) = 131607398 

( — -0368) = 9530-5833 

(13690-8368 - -0433) = 13690-7936 

(3437^'2034 ~ '0971^) = 34372-1056 


Comparisons between the Compensated 3Iiemoopes and the Q-inch brass seales during the 
mcasw'enient, and provisional determination of Microscope errors with respect to the 
Q-inoh brass scale A, expressed in millionths of an inch (m.i.) 
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Microscope Comparisons — (Continued.) 


Wlion compared 

1868 

Miero.?eope. 

1 

A 

’1 

g 

CJ 

1 

O 

CJ 

& 

Corrected tempera- 
ture. 

pd 

Ecj ^ S 

F 4 r/i 

S'Oii'i - 

Microscopo 

Microscope Scale. 

■1 

li - 

Micros : - Scale A, 
at 62 ° i’ali. 

B 0 11 

■JU 11 

Observed value in 
terim of 

gpq 

0 

.* 5+ 

8-w 
u ^ 

1 

m.i 

Keference 

number. 

0 

pi C 3 1-4 

'S 

MW'S ] 

DiyisionB 

.0000=1'' 

. 

mn. 

January 

27 tlj 

After set No. 131 , 

T 

T 

0 

76-4 

4- 900 

- 1-4 

— 140 

- 18 

+ 742 

10 




r 

7 

75 -B 

863 

10*2 

409 

133 

321 

II 




M 

If 

73-8 

738 

10*0 

1000 

+ X 22 

— 140 

12 




xY 

F 

72-4 

650 

5 -a 

520 

468 

+ 598 

13 




0 

S 

76-4 

900 

10*1 

1010 

4 

— 106 

14 




IT 

u 

79V 

1119 

i6'4 

1640 

39^ 

129 

+5 




S 

S 

72-9 

68 i 

+ 3 ‘o 

+ 300 

4 

+ 985 

16 

n 

28 th 

After sot No. 13 G, 

N 

F 

8 o'o 

-1-1125 

- 13-0 

•— 1300 

468 

+ m 

17 

FeLruai’y 

4 tli 

After set No. 221 , 

T 

T 

B 5‘4 

+ 1463 

- 11-5 

—1x50 

- 18 

+ ^9.5 

18 




S 

N 


Jt 394 

0-9 

90 

+ 4 

1308 

19 




T 

T 

78^4 

1025 

12-3 

1230 

- 18 

- 223 

20 

n 

11th 

After set No. 287 . 

7 

7 

64-3 

4" 14+ 

+ 10-3 

+ 413 

' - 133 

4 * 4^4 

21 




If 

M 

61-5 

“ 31 

4'5 

450 

+ 122 

541 

22 




JY 

F 

63’ I 

+ 69 

- r 4 

— 140 

468 

.397 

23 




() 

SI 

62 '9 


+ 3 ‘3 

+ 330 

4 

390 

24 




V 

IT 

64-9 

181 

•— 3*4 

- 340 

39^ 

^33 

25 

n 

14 th 

Do. 

T 

T 

84*9 

+1431 

— 117 

— IlVO 

- 18 

+ 243 

26 




S 

S 

807 

1169 

o-p 

90 

+ 4 

1083 

27 

»? 

28 th 

After set No, 479. 

T 

T 

gr6 

-t-x85o 

- 13*1 

— 13 IQ 

- 18 

+ 522 

28 




7 

7 

S9‘6 

xps 

31*4 

1259 

133 

333 

29 




M 

M 

88-2 

1638 

13-5 

1350 

+ 122 

410 

30 




0 

S 

88'8 

1675 

1 2 '9 

1290 

4 

389 

31 




F 

F 

87-8 

i6j3 

io'3 

1030 

468 

1 loa 

32 




U 

IT 

90" 0 

1 7 .')° 

20'8 

2080 

39^ 

62 

33 




s 

S 

90’S 

1781 

3 '2 

320 

4 

X465 

34 

» 

29th 

Do. 

7 

7 

89' I 

+1(594 

— ap'o 

-1163 

- 133 

+ 398 

35 

Marcli 

Cth 

After the measure- 

T 

7T 

86'4 

+ 1525 

— lO’O 

— 1000 

- 18 

+ 507 

36 



ment. 

7 

. V 

85-6 

MIS 

257 

1031 

133 

311 

37 




M 

M 

83-8 

I3<53 

lO'O 

1000 

+ 122 

485 

38 




0 

S 

86-3 

1519 

9’9 

990 

4 

S3 3 

39 




F 

F 

84' 8 

1425 

8-9 

890 

468 

1003 

40 




U 

U 

87’2 

157.5 

i8-6 

i860 

39^ 

107 

41 




s 

s 

85-8 

1488 

i-p 

190 

4 

1302 

42 
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II. 


“34 


Ilicroscope Comparisons — (Continued.) 


IX. 


The required comhinations of individual microscope errors taken from pages IX ^ and 

are expressed as follows ; ^ 


Co 


Cj = 


c^ = 


«6 = 


33 

Reference numiers, 

2 + 3 + 4 + 5 + 6 + 

1+7 




1 + y _ 

a 


mean temp ^ 

o 


a + 4 


8 + 13 


a 

9 + 1(5 


o o 

+ 548 at (62+14-81) before the measurement. 

= + 961 at (62 +ij‘38) do. 

= + 2428 at (62 +13-43) between sets 50 ife 51, and 13 1 & 132 


+ 12 + 13 + 14 + - = + 2053 at (62 +14-07) 


do. 


do. 


7 + 8 


/ before tbe measurement and be- 


I + 12 + 13 + 14 + 15 + = + 1408 at (62 +13-49) between sets 131 ifc 13a 


ly + 21 + 22 + ^^4 ^5 — ■‘ ^ ■2 =: 4. ^683 at (62 + y*y4) ^ ” 

J ^ m| t ii J ((j 

II + 12 + 14 + ij + 17 d ; — - = + 1103 (da + 1 + 7 ( 5 ) » 


II 




nr 


% 


ns 


n4 


ns ■ 


no 


% = 


«18 = 

®n) =“ 


+ 12 + 14 + 15 + 17 d" — = + 7®((^ (d2 +15‘88)'^ ] ” 

^ a 

10+16 s 

II + 12 + 17 + = + 1338 at (62 +14-06) I „ 

m ^ -| 

21 + 22 + 23 + 24 + 25 + ■ — y " " " = + 2787 at (62 + 4-93) 9^ 

* 8 

26+27 3 

21 + 22 + 23 + 24 + 25 H — = + 2648 at (62 + 4*58) g 

21 + 22 + 23 + = + 2164 at (62 + 6-44) 




21 + 


26 + 27 


=> + 1087 at (62 +11-55) 

, ( 2 B + 5 ? jL 

ap + 30 + 31 + 32 + 33 + =s + 323P at (62 +27-24) 

2 

28+34 


29 + 


= + 1327 at (62 +28-33) 


7) 


7f 


30 + 31 + 32 + 33 + 35 + = + 3304 at (62 +27-16) 


136 & 137, 221 & 222, 
287 & 288 

136 & 13 7,and 13 1 &132 

do. do. 

and 22 1 & 222 

13 1 & 132, and 136 & 137 
221 & 222 and 287 288 

287 & 288 

do. and 221 & 222 
do. 

479 <fe 480. 
do. 
do. 


37 


oil 36 + 42 ’ 

+ 30 + 39 + 4 ° 41 + ' — - — ' === + 3344 (da +23*63) after the measurement. 


30 + 31 + 32 + 35 + 
37 + 38 + 39 d" 4((5 + 


28+34 

2 

36+42 


»+ 3242 at (62 +a6'99) between sets 479 <& 480, 

= + 3*37 at (62 +23*32) after the measurement. 
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ir 


“35 


3Hcmcope Comparisons — (Continued.) 

And from the foregoing, we obtain the following equations for the microscope errors 


6-inch scales. 


11 


a 

11 

Co + 

2 

(m.e.)s = 

<’6 + 

2 

(m.e.)^ = 

(m.e.)s =r 

^(5 4-<^7 
2 

«8 4-.'?n 
2 

a 

fi 

s 

4-gia 

2 

II 

oc 

fll+fis 

2 

11 

54 + '^19 
2 

(w.e.)io = 

% + '’l8 
2 

(m c.)n = 

Cl 


m.i. 


= + 1301 — 6 X i4‘44 dE applicable to sets Nos. i and 3 to 30 
== 4 - 1695 — 3 X i 4 ‘ 4 i dE 
= 4 - 1236 — 6 X i4-o8 dE 

= 4 * 3046 — 6 X io'6% dE 

\ 

~ ^945 — (5 X 9-85 dE 

— 4 - 1751 — 4 X io ‘35 dE 

— 4 - 1715 — 6 X io ‘33 dE 
~ 4 - 3944 •— 6 X i5'9i dE 

— 4 “ 1307 — 3 X i9'94 dE 
4 * 3334 ■— 6 X a 3‘40 dE 




J» 3j to 2 ^ 

» 5itoi3i 

» 13340136 

„ 137 to 302 and 303 to 321 

set No. *1 
sets Nos. 232 to 387 

„ 288 to 361 and 363 to 479 

set No. *3 
sets Nos. 480 to 573 
set No. 573i 


Hence the total microscope errors are as follows 


In sets Nos. i to *, 


m,k feet of A 

" 4 - 40 (m.d)-, = 4- 6^749 — 424 ^ dE = *0053 — AMK dE 

4 - 2 {ni.e)^ = 4 - 3390 — 86 dE — ‘0003 — 86 dE 

4- 81 (ni.e)^ = 4- 99306 — 6843 dE = *0083 — 6843 dE 

4 - 5 — 4 - 10230 ~ dE — *0009 -- 319 dE 

4 - 66 (■in.e)^ = + 128370 — 3901 dE — *0107 -• 3901 dE 

_4- I (?n.e)e =4- 1751 -• 41 dE ^ 'oooi — 41 dE 

Sum = *0256 — 15435 dE 

■- I (ra.<2)(, = — 1751 4- 41 dE = — 'OOOI 4- 41 dE 

+ 19 (wi.cjg = 4- 36955 - T123 dE = + '0031 - 1123 

In sets Nos. *1 to *3 -<(4- 66 (w.ejy = 4- 1 13 190 — 4051 cOS = 4- *0094 — 4051 dE 

+• 74 (w.t'jg = 4- 217856 — ^064 dE = H- -0182 -■ 7064^ 
^4- I (w.ejj =4- 1207 — 40 dE ■=■ 4- 'oooi — 46 dE 


Sum 


- I (m.e)g = 

4 -ii 8 (m.e )8 = 
4- 93 (^•^)io= 
14- 1 (w.e)ir 


= 4. 

•0307 - 

12237 

dE 

MW 

•OOOI 4- 

40 

dE 

= 4- 

■0289 — 

11264 

dE 

= 4- 

•0258 — 

14173 

dE 

== 4" 

•0003 — 

126 

dE 

= + 

•0549 - 

255^3 

dE 
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“36 

Final deduction of the total lengths measured with the compensated microscopes. 

Hitherto the microscope errors have been determined only provisionally : i.e. in terms 
of the 6-inch brass scale A. But from page ( 31 ), we have 2 A =■ rooQoi<)i value in 
1835 . Also, the co-ejfficient of expansion for brass, has been taken at ■000,010,417 in the fore- 
going reductions, whereas it appears from page ( 17 ) that -000,009,855 is a more probable value. 
Accepting the latter, it may be found that dE = 3 '3 7 a m.i. Hence, remembering that the 
length measured with a set of microscopes is equal to 3 feet of A + the corresponding (m.e)^ 
we have, 

Total length measured with the compensated microscopes 


In sets Nos. 1 to ) _ j 

or S.W. End to Stn. A J * ’ ' * ' 1 

feet ( 

f aoaX 3 
[ + ixz 

qf A 

+’ oz ^6 

feet of A 

?■ •“15435 ^-^ =( 608-0373— •0043)= 608-0330 

In sets Nos. *i to *2 \ ... _ J 

or Stn. A to Stn. B J ‘ *'*'*" j 

r — • IX z 

I +159x3 

i -f- I X I 

+•0307 j 

I"— iaa37 dJB =( 476-0398— -0034)= 476-0364 

In sets Nos. *g to ^7 3 , 1 ’ 

orStn.BtoN.E.End 1 ] 

r" — I X X 

-faiiX 3 
(. + ixa -5 

+ •0549 j 

j- -25503 d £! =( 634-5671 --0072)= 634-5599 

In sets Nos. i to 5731 or S.W. End to N,E, End . - . 

<*>•*! 

.... =(1718-6442— •0x49)= i7r8-6293 
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IX_ 


“37 


DETAILS OF THE MEASUREMENT. 

Disposition of the bars and microscopes during the measurement. 

The following typical illustrations shew the permutations and combinations of the bars and 
microscopes during tlio measurement. The instruments are here named in the succession that 
actually occurred commencing from the rear-end of a set, and the numbers assigned to the 
illustrations, will be found employed in the tables of “ E.itraotB from the Field Book &c.” 

Bar Illustration. 

No. 2 No. ,3 No. 4 


No. 1 


No. 5 


A’ 

3 

C 

I) 

3 

H 



A 

B 

C 

D 


A ) 
B i 



Statement. 

No. I occurs in sets Nos. 1,3 to 203,203 to 351 j / 


Microscope Illustration. 

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 


iV- 

W) iT’' 

iT' 

iT'l 

iT'l 

T 

T ( V 

V 

V 1 

V 

M 

N f M 

M 

iS J 

M 

N 

MS J N 



0 ^ 

0 

0 

' ^sj 

1 

N 

u 

u 



U 

isj 

4 S J 



iSJ 


iT 

V 

M 

O 

N 

iS. 




Statement. 


No. 2 
No. 3 
No. 4 
No. 5 


and 362 to 572. 
Nos. 2i and 2<i. 

No. *1. 

No. * . 

No. 573i. 


No. 

No. 

No. 

No. 

No. 

No. 

No. 


occurs in sets Nos. 
,, Nos. 


I and 3 to 50. 
2i and 2.,. 


)> 


IS 


set 


Nos. 51 t0 202“203to 361 I 


and 362 to 47 Q 

No. *. 

No. 

sets Nos. 480 to 572. 
set No. 573 j^. 


Extracts from the Field Book of the measurement, and calculated heights of sets alove the origin. 

Adopted heights above mean sea level. 

South-West- End (origin) =3ii8'3feet. 

Nortb-East-End (terminus) = 3009-3 feet. 


1868 


W 

4 ) 




.51 

<( 

§ 


p.( 

w 


Qi 

^ 1 
p ci 

Mean time of a m -3 

onding ^ .g-g 

® S 

S> “1 
^ ‘S 

W 

Numeral 
shewing 
arrange- 
ment of 

•40 

0 

xn 

tn 

u 

dS 

w 

Micros : 

1868 c„ 

0 

h. m. feet 

8 40 A.M. 6 + 1*63 

t 

I 

14 th Jan. 8 

10 j 3 — 0-51 

2 

2 

9 

0 25 P.M. 3 2-31 

2 

2 

15 th „ 10 

2 30 6 4-56 

X 

X 

II 

3 3.5 <5 7 ’ 3.5 

X 

I 

12 

8 25 A.M. 6 9-93 

X 

I 

13 

9 30 6 11-79 

X 

I 

14 

0 30 p.M. 6 iy 66 

X 

I 





o 

I" 


9 

rP S . 

3 « 

4.^ 

Mean time of 1 m -Si 

ending ^ .g-g 

O •4^:> 

6 

M 

Numeral 
shewing 
arrange-’ 
merit of 

•g^a; 

Oh 

0 

t; 

h. m. feet 

2 5 p.M. 6— lySd 

I 

r 

I 

3 25 6 17-84 

I 

I 

7 45 A.M. 6 19-79 

I 

I 

8 55 6 21-79 

I 

I 

10 15 6 24-04 

I 

I 

0 4 ^ 6 26*06 

I 

I 

1 40 6 28*08 

I 

X 

2 25 6 30*06 

I 

X 


13 th Jan. 


14 th 


64-0 

7°'5 

ITS 

79 '° 

80 'O 
64-0 
68*5 
78 'o 


80-4 

8o'o 

do'o 

69-0 

73B 

8x‘o 

83- 0 

84- 0 


Note, — The rear-end of set No. 1 stood exactly over the dot at South- West-End. 
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Extracts from the Field Boole — (Continued.) 


1868 

4 » 

<13 

m 

0 

*0 

d 

Temperature of Air 

Mean time of 
ending 

P 

S 

rD 

6M 

0 

tl 

Height of Set above 
origin 

ISTumeral 
shewing 
arrange- 
ment of 

18C8 

No. of tbe Set 

Temperature of Air 

<D 

V) 

p 

tn 

Mean time of S 
ending 

0 

6 

125 

<D 

1 

4 * 

<1^ P 

Zf^ .a 
fciO 

|d 

’ 5 ? 

N umeral 
shewing 
arrange- 
ment of 

c£ 

1 

R 

Micros : 

GQ 

u 

Micros : 



0 

/a. m. 


f<;ei. 





0 

/i m. 


feet 



. 5 til Jan. 

16 

82*0 

3 30 P-1'1- 

6- 

3 ri 2 

I 

I 

dlst Jan. 

66- 

7^4 

9 7 AM. 6 - 

■''07-43 

I 

3 


‘7 

62*0 

8 5 A.M. 

6 

34'27 

I 

1 


67 

7/-0 

10 50 

6 

109*58 

I 

3 


18 

71-0 

9 ^5 

6 

35-62 

I 

I 


68 

79'2 

11 25 
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January 22nd Cloudy during the day. January 23rd and 24th Sky spread over with clouds throughout the day. 
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January 25t]i (124) Cloudy throughout the day ; light showers in the afternoon. 
„ 37tli (132) Ram in the forenoon. 
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X 

3 



240 

79-1 

9 27 

6 

201*30 

I 

3 



290 

72*2 

8 35 

6 

223-32 

X 

3 



241 

86'4 

11 23 

6 

202*09 

I 

3 



291 

747 

9 XI 

6 

223-75 

I 

3 



242 

87-r 

11 38 

6 

203*65 

1 I 

3 



29a 

77-8 

9 30 

6 

222-87 

X 

3 



243 

83‘o 

0 35 P.M. 

. 6 

^05*57 

1 ^ 

3 



293 

80-9 

IX 41 

6 

221-67 

X 

3 



244 

84-9 

I 7 

6 

207*28 

; ^ 

3 



294 

88-1 

0 X 5 P.M. 

6 

22X-70 

1 

3 



243 

867 

I 42 

6 

208*69 

1 

3 



293 

88-9 

0 48 

6 

221-13 

X 

3 



246 

887 

2 15 

6 

208*70 

X 

3 



296 

89-3 

I 19 

6 

221-44 

X 

3 



247 

867 

a 43 

6 

209*66 

I 

3 



297 

89-3 

1 46 

6 

22I-X4 

X 

3 



248 

85 'I 

3 22 

6 

21 1*82 

I 

3 



298 

88-4 

2 13 

6 

22X-37 

I 

3 

7 th 

?5 

249 

66*4 

6 48 A.M, 

. 6 

2X1*49 

I 

3 



app 

88-8 

2 46 

6 

220 87 

I 

•J 

3 



250 

677 

7 22 

6 

212*13 

1 I 

3 



300 

88-0 

3 20 

6 

22 I*I 2 

X 

3 



251 

69'o 

7 53 

6 

2I2'I7 

I 

3 

17 th 

n 

301 

ST ° 

7 Jt 3 A..M. 

6 

220-77 

I 

3 


iMMi 

35a 

717 

8 24 

6 

212*91 

X 

3 



30a 

6 vo 

7 4<5 

6 

220-95 

j X 

3 



DETAILS OP THE. MEASUREMENT 
Eztrads from the Field Boole — (Continued.) 


IX 


Mean timo of « w -3^ 

ending ^ ^ ’g 


Nimieral 
eb owing 
arrange- 
ment of 


Mean timo of | 
ending ^ 


ISTnineral 
shewing 
arrange- 
mont of 


17th Feb 


0 

h. 

m. 


fiet 

- 303 

66-2 

8 

20 A.M. 

6- 

-a20’39 


304 

71-0 

8 

5 ^ 

6 

220*42 


305 

74' 3 

9 

22 

6 

220*43 


306 

8,3 '6 

11 

9 

6 

22071 


307 

85 ’4 

II 

.37 

6 

220-07 


308 

86-4 

0 

10 P.M. 

6 

219-85 


.309 

87-3 

0 

41 

6 

' 220-26 


310 

87-8 

1 

13 

6 

220-22 


.3J1I 

87-9 

I 

40 

6 

220-42 


312 

31.3 

87-9 

86-7 

2 

a 

13 

44 

6 

6 

219-87 

219-97 

18 th „ 

314 

87-0 

3 

29 

6 

2 1 8-8 1 

315 

57-5 

7 

13 A.M. 

6 

21 729 


316 

60-4 

7 

45 

6 

216-78 


317 

64-4 

8 

13 

6 

215-80 


318 

71-5 

8 

50 

6 

215-82 


319 

7 7 '3 

9 

24 

6 

214-40 


320 

87-3 

11 

26 

6 

213-58 


3-1 

89-0 

11 

5'5 

6 

21200 


322 

91-2 

0 

25 P-M. 

6 

210-30 


323 

917 

I 

3 

6 

2o8'Oii 


324 

92’5 

I 

37 

6 

206-18 


325 

9^-5 

2 

n 

6 

204-30 


326 

9 n 

2 

4Jt 

6 

203-38 


327 

91-0 

3 

ir 

6 

202-30 


328 

89-8 

3 

46 

6 

200-05 

19th „ 

329 

58-0 

7 

0 A.M. 

6 

198 58 


3.30 

59 ‘4 

7 

32 

6 

196-91 


3,3 > 

62 ’9 

8 

0 

6 

195-01 


3,32 

68-3 

8 

30 . 

6 

193-68 


333 

7 S‘o 

9 

■ 

® t 

6 

191-78 




0 

k 

m. 

• .334 

79 ‘o 

9 

26 A.M. 

3.35 

89-0 

IX 

26 

3,36 

90- 1 

II 

5,3 

.337 

91-0 

0 

1.3 P.M. 

3.38 

92 '8 

0 

45 

.3,39 

93-0 

I 

12 

340 

93 '4 

I 

35 

.341 

9,3-0 

I 

59 

343 

92-9 

2 

25 

34.3 

9,3-0 

2 

54 

344 

92-5 

3 

21 

345 

9 J '4 

3 

45 

346 

59'^ 

6 

58 A.M. 

347 

61-9 

7 

w 

348 

d3-5 

7 

40 

349 

66-7 

8 

0 

3.50 

70-4 

8 

20 

3,51 

74\5 

8 

40 

352 

7 8 ‘5 

9 

2 

. 3,53 

82-0 

9 

26 

3,54 

9I'8 

XI 

22 

3.55 

9 f .5 

I j 

47 

3 , 5<5 

92-0 

0 

II P.M. 

. 3.57 

91-3 

0 

.34 

3.58 

93 '4 

0 

5.3 

3,59 

9.3 '5 

I 

^.3 

.360 

93-2 

t 

.3,3 

361 

9 5 '4 

I 

5.5 

* 

94'5 

2 

55 


■iSp'po 

i 88'3 i 


lao-op 

1 8.? -50 
i8i7x 
i 79'88 


Tlio advanced-ond of sot No. fell in defect (ie. 
measured on Cary’s brass scale with a beam compass. 
Height, of set No. above Station 11 = 2'4;i feet 
The terminal point of set No. 301 was the point of 
iOthFeb. 362 94'8 a 25 i’.m. 6 — 15974 i 3 

. 3^3 9y'^ 3 32 (5 15936 I 3 

21 st „ 364 6r5 649 A.M. 6 i59‘i8 i 3 

365 63 '9 7 21 6 159-42 I 3 

366 67-7 7 51 6 i58’4I I 3 

367 72'8 8 25 6 158-33 I 3 

368 77’o 8 52 6 157-83 I 3 

369 80-5 9 19 6 157-45 I 3 

370 917 II 16 6 15787 1 3 

371 92*5 II 43 6 158-10 X 3 

372 93-6 0 7 P.M. 6 158-15 I 3 

37.3 947 0 34 6 157-89 I 3 

374 94'9 10 <5 1577S I 3 

376 95-8 I 26 6 157-89 i 3 


370 917 


374 94'9 


II 16 
II 42 

0 7 F.M, 

0 34 

1 o 

I 26 


343 92-9 2 25 6 177-28 1 3 

34.3 9.3 'o ^ 54 6 175-73 I 3 

344 92 ’5 3 31 6 174-28 I 3 

.345 9' '4 3 45 <5 173-01 i .3 

20th „ 346 59-1 658 A.M. 6 171-36 I 3 

347 61-9 7 17 6 170-23 I 3 

348 63-5 7 40 6 169-1.9 I 3 

349 66-7 80 6 167-97 I 3 

350 70-4 8 20 6 167-00 I 3 

351 74‘5 8 40 6 165-92 I 3 

352 78-5 92 6 165-46 I 3 

35.3 82-0 9 26 6 163-83 I 3 

354 91-8 n 22 6 162-91 I 3 

3.55 9 ^5 47 6 162-53 j 3 

356 92-0 0 II p.M. 6 161-99 I 3 

.357 9‘'8 o .34 6 16177 i , 3 

3.58 93'4 0 5.3 6 161-08 I 3 

3.59 9.3 '5 I ^.3 6 161-04 I 3 

360 93-2 I 33 6 i6o-,34 I 3 

361 95'4 I 5.5 6 160-16 I 3 

94'5 2 55 2 159-74 4 ^ 

Total — 31465-39 

South-West) of tho dot defining Station B 6-3163 feet, as 


origin for sot No. 362. 
2l8t Feb. 376 96-0 

377 95-.3 
.378 9+‘9 

379 9+7 

380 93-9 

22nd „ 381 63-0 

38a 65-3 
38,3 69-6 

384 7.3‘8 

385 78-5 

386 82-6 

387 9 >'o 

388 91-3 

389 92'9 


I 54 P.M. 

6- 

■’i 57'84 

2 22 

6 

i 57‘'>4 

2 48 

6 

1.5 / ®4 

3 1.3 

6 

156-72 

3 39 

6 

156-72 

7 5 A.M. 

6 

156-8,3 

7 3,3 

6 

156-20 

7 59 

6 

i5'5-57 

8 32 

6 

156-09 

9 4 

6 

156-24 

9 .34 

6 

i55‘98 

II 26 

6 

154'94 

II 56 

6 

154-63 

0 30 P.M. 

6 

154-02 




BANGALORE BASE-LINE 


Extracts from the Field BooJc — (Continued.) 


Mean time of § 
ending 


m CD d 

^ < 4 -t 'r 


Numeral 
shewing 
arrange- 
ment of 


Mean time of S ^ 
ending *g 


N inner al 
shewing 
arrange- 
ment of 


22ndFeb, 390 927 
39 ' 9 . 5 ‘4 
39 ^ 93 'I 
393 92 '9 


394 9^‘S 
393 9^‘9 

396 6,5-9 

397 65‘3 
39 « 67-8 

399 7o'5 

400 75 0 

401 78-4 
40a 90 6 
403 92-8 
40+ 92-2 

405 93-2 

406 92'2 

407 93-8 

408 947 

409 94-3 

410 94’3 

411 65*4 

413 67-,3 

41,3 700 

414 71-6 

4'5 74‘o 

416 76-7 

417 79-7 

418 88 8 

419 91-6 

420 917 

421 9,3-0 

422 94-.3 

423 93'2 

424 97-2 
423 97-0 

426 96-8 

427 96-8 

42 8 96 '5 

429 96-5 

430 72-3 

43 i 73 'S 

432 79 '^ 

433 83-2 

434 8.3-5 

435 9''<5 

435 92-9 

437 94'8 

438 93 ' I 

439 95'9 


It, m. 

0 36 P.M. 

1 28 

1 ,36 

2 2I 

2 43 

3 17 

7 O i..M. 

7 33 

8 0 

8 32 

9 4 
9 34 

1 1 22 
II 58 
o 24 r.M. 

0 33 

1 18 

1 49 

2 x8 

2 46 

3 14 

7 12 A.M. 

7 37 
7 33 


II 19 
II 41 

0 ,5 P.M. 

0 .52 

0 50 

1 17 

1 40 

3 3 

2 2(5 

2 46 

3 13 

3 41 

8 14 A.M, 
8 38 

8 39 

9 22 

9 3 ° 

II 23 

II 48 

o 8 P.M. 


feet. 

- 133-32 

152 88 
132-30 

131-77 

131-29 
150-32 - 

14977 

149 81 

149-43 

148-49 

147-70 

147-18 

147- 49 

148- 28 

147- 99 

148- 13 
148 88 

13975 

1 30- 89 

131- 88 
1 5 ‘ ‘89 
153-24 
134-84 

i 36-.(9 

133-86 

i 33'33 

i 37'38 

139-80 

i 6 o' 6 o 

161-34 

161- 73 

162- 67 
162-83 
161-87 
16 1 - n 
160-26 
159-98 

i39'3''> 

139-01 

138-33 

157-93 

i37'43 
I 1,37-02 
i 156-10 ^ 
i 133-80 
i 135-88 

> 1.35-26 

) 134-62 

> 153-79 

) 153-09 


26 th. Feb. 440 9 , 3-5 

441 96-1 

442 96-0 

443 9^'° 

444 95-4 
443 94'8 
446 93 0 

27 th „ 447 661 

448 69-2 

449 70'3 


453 82 8 

434 89-6 

435 9''o 

436 93 'o 

437 93'8 

438 93 'o 

439 94'8 

460 93-0 

461 96-0 

462 96-0 

463 9 3 '<5 

464 96-1 
46,3 96-0 

466 94 I 

467 67-1 

468 69-3 

469 71-6 


473 82-0 

474 83-6 
473 89-0 
476 90-5 

4 77 9°-3 

478 90-8 

479 92-0 
2 nd Mar, 480 63-5 

481 67-3 

482 70-6 

483 74-8 

484 79*3 
483 83-6 

486 92-6 

487 92-0 

488 93-0 

489 94-6 


h. m. 

I 10 P.M. 

1 34 

1 53 

2 19 

2 43 

3 8 

3 32 

7 1 1 A.M. 

7 

7 38 

8 22 

8 48 

9 9 
9 33 

II 14 

11 33 
II 52 
o I o P.M. 


2 19 
a 43 

3 4 
3 36 

7 l 8 A.M, 

7 40 

8 4 

8 27 

8 46 

9 4 
9 25 
9 47 

1 1 40 
O 4 P.M. 

0 27 

‘ O 33 

1 23 

718 A.M. 

7 43 

8 H 

8 43 

9 12 
9 42 

II 21 
II 47 
0 23 P.M. 
0 52 


132 04 
i 5 i '37 
i.= 0-37 
130-36 

149-73 

149-48 
1^8*40 
1 48’ 44 
147'6.5 

147-3^1 

1 46 -.(8 
146-30 
143'87 

143 - 14 

144- 72 

145- 86 


143-36 ■ 

142-3.3 

142*41 

142-00 

J42-24 

141- 62 
141*44 

141*71 

141*28 

141*84 

142- 00 

142-77 

14,5*60 
144*22 
143*08 
1 43 '99 
J 47 ' 2.5 
148-97 
130-02 
130-70 
152-20 
13,5-28 

134-69 

156-27 
138-32 
160 -.5 1 
1 6 1 -90 

163- 23 

164- 33 

16(5-82 

169-46 


February 28 th. ( 479 ) A strong breeze from the E. which stopped further work for the day. 



DITATLS OF THE MEASUREMENT. 

Extracts from the Field (Continued.) 


IX 


'43 


1868 


02 

<D 






0 

u 

oS 

u 

CD 

1 


Moan time of & 
ending 


o 

d 


o 

> 

o 

"ffl d 

•s-g 

bjQ 

• iH 

w 


Numeral 
shewing 
arrange- 
ment of 




1868 


03 

CQ 

CD 

jd 




.£3 


cj 

S3 

s' 


03 


Mean time of S 
ending 


P 


o 

& 

■4a 

03 CJ 
02 

bjD 

•s-g 

I) 

tS 


Numeral 
shewing 
arrange- 
ment of 

§ 

CQ 

0 

u 

0 


•fH 

I 

6 

D I 

6 

I I 

6 

I 

6 

1 I 

6 

) I 

6 

I 

6 

I 

6 

i 1 

6 

I 

6 

I 

6 

I 

6 

I 

6 

5 I 

6 

i I 

6 

1 

6 

I 

6 

I 

6 

) I 

6 

I 

6 

I 

6 

I 

6 

) I 

6 

X 

6 

1 ' I 

6 

1 I 

6 

1 I 

6 

X 

6 

> I 

6 

1 I 

6 

I 

6 

1 I 

6 

I 

6 

I 

6 

I 

6 

X 

6 

I 

6 

I 

6 

I 

6 

5 

7 


2adMar. 490 95-8 

49 f 95’ 3 

492 96-3 

493 9 < 5 'i 

494 95 '8 

495 97-0 
49^5 9 7 ‘3 
497 9''J’o 

3rd „ 498 62 'o 

499 da'd 

500 84-5 
301 6 yo 
Soz d8'8 

503 71'? 

504 74-8 

505 768 

^06 86*8 

507 89-4 

508 9i’4 

509 94-2 

510 9, 3-0 

51 1 93-8 
51a 94'3 
5*3 94-8 

5 1 4 pd'o 

515 95‘8 

516 95 'O 

401 „ ^317 62-8 

5 -<8 63-5 
519 56-2 
C 20 6q'1 

'521 7I'8 

5a a 74'3 

523 76-8 

524 78-0 

525 83-2 

526 85'2 

527 88-0 

528 90’2 

529 93-0 

530 9fa 

531 94'o 

532 93 '8 

533 95'o 


h. m. 

I id p.ir. 

1 41 

2 d 
2 2d 

2 44 

4 
28 

55 

30 a.m. 
n 

31 

o 


3 
3 
3 
d 

7 

7 

8 

8 22 

8 5^ 

9 10 

9 33 

IX 9 

II 3 d 

57 

0 

o 

X 

39 
3 

25 

4d 

3 15 

d Cl A.M. 

7 19 

7 42 
? 7 

o 24 

8 45 

9 4 
9 27 
II 2 
II 21 
II 43 


0 54 P.M. 

1 14 

I 33 

I 49 


1 

2 
2 
2 


30 P.M. 

54 

Id 


feet. 
d — 17170 

d I73'5d 

<5 175-42 

6 

d 17973 
6 i8o'i 9 
d 181 '55 
d i 82'5I 
d i82'7a 
d 183 '55 
d i 82’40 
d i 82'09 
d i8o' 40 
d i77'd3 
d 1 75-90 
<5 174-04 

d 17170 
d 169-03 
d 166-98 
d 164-52 
d 162-58 
d 160-27 
6 158-67 

<5 156-10 

153-93 

d 152-21 
d 151-02 
d 149-63 
d 148-58 
d 147-22 
6 146-66 

d 145-61 

d 14V73 

d 144-12 
d 
d 
d 
d 
d 
6 
6 
6 
6 
d 


144-22 

144-68 

143-^3 

142-00 

141-15 

140-24 

140-55 

140-05 

139-82 

139-48, 


I 

6 

4th Mar. 534 94-5 

I 

6 

535 92-8 

I 

6 

536 94'2 

I 

6 

537 93-5 

I 

6 

538 92-2 

I 

6 

oth j, 5®'^ 

I 

6 

540 60*2 

I 

6 

541 62-5 

X 

6 

542 64-7 

X 

6 

543 67-6 

X 

6 

.544 7o'3 

X 

6 

545 72-0 

X 

6 

545 73-5 

X 

6 

547 75-2 

I 

6 

548 78-0 

I 

6 

.549 82-5 

1 

6 

550 90-0 

I 

6 

551 9°-5 

I 

6 

552 94'o 

1 

6 

553 93-5 

X 

6 

554 91-8 

X 

6 

555 93-8 

X 

6 

55<5 93-6 

X 

6 

557 95-0 

1 

6 

558 95-5 

X 

6 

559 94-1 

X 

6 

560 94-2 

X 

6 

„ , 5*51 93-0 

X 

6 

6th „ 562 65-0 

I 

6 

5*53 66-3 

I 

6 

564 68-0 

I 

6 

565 69-8 

X 

6 

566 71-0 

X 

6 

567 72-0 

X 

6 

5<58 73-5 

I 

6 

5‘59 74-3 

X 

6 

570 77-0 

I 

6 

571 84-3 

X 

6 

57-2 85-2 

I 

6 

573i 87-0 

I 

6 


I 

6 


I 

6 

* 

I 

6 



h. n. 

2 II P.M. 6- 


2 33 

a 55 

3 18 

3 41 

6 44A.11, 

7 8 
7 30 

7 51 

8 8 
8 28 
8 43 

8 57 

9 13 
9 39 
II 33 
II 53 

0 
o 


17 P.M. 

35 

55 

14 

35 

53 

12 


2 29 

a 47 

3 14 
3 40 

6 55 A.M. 

7 15 
7 33 

7 53 

8 12 
8 29 

8 48 

9 7 

9 28 

u 31 
II 58 
o 12 P.M. 


6 

6 

6 

6 

6 

6 


6 

6 

6 

6 


6 

6 

6 

6 

6 

6 


6 

6 

6 

6 

6 

6 


139 - 


* w ij. j 

128 8; 


111-73 


6 10 ^ 

6 io8-I2 
6 108-68 

5 109.68 


Total — 31642-50 


The advanced-end of sot No. STSj fellin excess (i. e. North-East) of the dot at North-East-End 1-9718 feet as 
measured on Cary’s brass scale -with a beam compass. ' 

Height of set No. SlSy above North-East-End = 3-61 feet. 



IX. 


'44 


BAITGAIORE BASE-LINE 


Heduction to Mean Sea Level. 


Let the sections into whioli this base-line is divided he denoted as follows ; 

Sonth-West-End to Station A by Section I 
Station A to „ B ,,11' 

„ B to Iforth-East-End „ IH 


Then 

in the notation of (7) page I we 

have 





H-. 

= 3118 ; ^ — 

109*0 ; 

8A = 

+ 4*3; 

Log. -R 

= 7*3193^* « 

• 11 




a 

n 

dh 


X 

0 , 

^1 

C 



+ 





Hh 


— 

Section I 

... ^3515 

48 

20a 


^3315 

12764 

0*0704 

1*9078 

1*8374 

„ n 

31463 

aoo 

^59 

I'a 

30931 

10008 

0*0934 

1*4959 

1*4025 

„ III 

... 31643 

7a 

an 

16 

30832 

13317 

0*093 ^ 

1*9903 

1*8974 


Final length of the Base-Line'"and of its parts in feet of Standard A. 


Section 

Mea^%Ted wi 

th 

Reduction 
to sea level 
as above 

Total Length 

Log. 

Compensated 

bars 

page IX— 

Compensated 

microscopes 

page 

Beam 
compass 
pages 
IX_ to 

39 

ix_ 

43 

S. W. End to Stn. A ... 

i3i6o’7298 

Ov 

0 

CO 

d 

Oo 

0 

*— 4*8132 

-1-8374 

12762-1122 

4-10592 2558 

Stn. A to Stn. B 

9520 ‘ 58 a 3 

476-0364 

+ 11*1285 

1 

-1-4025 

10006*3446 

4-00027 5455 

Stn. B to N.E. End ... 

1 2690' 7936 

< 534*.5599 

— 8*2871 

-1-8974 

i 33 ^ 5 '^^ 9 ° 

4-12434 6683 

S.W.Endto N.E. End... 

34372-1056 

1718-6293 

- 0-4697 

- 5 *I 373 

36083-6258 

4*6573 * 













1 ^ 0 , of 
Tiriangle 


BANGALOEE BASE-LINE 


IX 


‘45 


Verificatory Minor Triangulation. 






Distance in 


Name of Station 

Corrected Anglo 

Log. Sino 

Log. Distanco 

Feet Miles 

ii 


South-West-End of Base, 
Station A, 

Machalbetta S, 


0 / H tt 

ij8 2$ 9'93^^9^°!)9 4'i7o483202 

74 22 2o'6io 9‘98364iio 4 4'2a3827247 +o’537 

47 13 4a'7j<5 9-86^736415 4*105922558 12762-1122 2*417 

180 0 0-043 


Station A, ... 
Machalbetta S, 
Aiuur S, ... 


Station A, 
Ainur S, ... 
Station B, 


55 46 12-925 9-917394505 4*104875583 

50 9 22 - 3_94 9-885244629 4-072735707 

74 424-815 9-983001124 4-170482202 


180 0 0-034 


•I '344 


495124-976 9-883341730 3-970674821 

54 .Wi 3 - 2 . 3 Q 9-912941111 4-000274202 10006-3157 i-Spl 4-0-349 

75 13 21-806 9-985392616 4-072725707 


180 0 0-021 


Ainnr S, ... 
4 Station B, 
GubiS, ... 


63 50 34-567 9-953077496 4-085816642 

723829787 9 ‘ 9797 . 1<5469 4-112495615 

43 30 55 'f 7 a 9’^37935675 3 ' 97 °^ 57483 i 

180 0 0-026 


• 0-926 


Station B, 

5 Gubi S, 

North East-End of Base, 


32 8 7-904 9-725849381 3-85.3744'^75 

82 40 51-760 9-996447025 4-124342319 

65 10 60-356 9-957921348 4-085816642 ^ 33 i 5 ‘ 035 ^ 2-522 

180 0 0-020 


•0*210 


South-West-End of Baso, 

Station A, 

Gadalhalli S, 


60 941-726 9-938235482 4-048872681 

38 15 56-240 9-791906707 3-902543906 

81 34 22-055 9-995285359 4-105922558 12762-1122 a-4 

180 0 0-021 


4-0-979 


Station A, ... 
7 Gadalhalli S, 
Basanguta S, 


Station A, ... 
8 Basanguta S, 

. Station B, 


542443-897 9-910210514 3 ' 97477 .'; 3 ' 5.3 

50 53 a -266 9-889872737 3'Q')4437586 

74 41 24-856 9-984307832 4-048872681 

180 0 0-019 

871921-352 9-999.')26^64 4*118749010 

4930 2-970 9-881050844 4-000274200 10006-3157 

43 10 35'^99 9 ' 835 !^H 23 o 3 ' 9 S 4437586 

180 0 0-021 


•0-229 
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Distance 

in 

tj-j 

? ^ 

0 § 

IName of Station 

Corrected Anglo 

- Log. Sine 

Log. Bistanco 

Feet 

Miles 

b* fi 

S .2 
WErl 

9 

Basangnta S, 

Station B, ... ... 

Sampanlialli T.S. 

33 44 44 ' 5 i^ 
81 38 15*44^ 

64 36 59-963 

9*744690462 

P' 99 .‘:. 3.57877 

9-955908897 

3 ' 9 ° 753 o 575 

4-158197990 

4-118749010 



// 

+ 0*005 



t8o 0 0*025 

! 
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Station B, ... 

Sam par 1 lialli 1'' .S, ... 
North-East-End of Base, 

5S 9'35^ 

87 29 0-283 
37 1950-380 

9 * 9 r 4 . 84794 i 

9*999580942 

9 ' 7827692 oi 

4*039109315 

4*124542515 

3-907530675 

I 33 i 5 ' 035 i 

2*522 

d-o'iop 



180 0 0*021 


Sum 

36083-4631 

6-834 



— Eacli side of a triangle ia giTOii in the aaiixo liarizoiiiul lino witli the angle %vliicli it subtends. 


The angles of the Terificatory ti-inngiilation were ineastired with Barrow’s 24-inch 
Theodolite No. 2 read by 5 inicroiueter mici-oscopes. At all the stations b measures were niada 
on eacdi of 10 zeros. The stations on the lino are S.W. End, A, H, and N.K. End. — The auxi- 
liary stations are Maclialbetta, Aiuur, Giibi, Sainpanluilli, Basanguta and Gadalhalli. 


Compaxison in feet between the values computed by means of the verificatory txiangulatioji 

and the measuied value. 


0/ ihe entire line. 

South- West-End to North-East-End by the measurement,'! 

page h6o83-6a58 

„ computed in terms of South-West-End to"! 

Statical A, page IX r3^°^3*4^3^ 

Log. computed value — Log. measured value 


Logt, 

4'357 310 170 


4’557 308 ^12, 


o’ooo 001 95 S 


South-West-End to Station A 
Station A to Station B . . 

,, B to North-East-End 


In terms of the entire line bj/ mcMSurencnt. 

Oornpiitod 

.... 13762-1698 


10006-3608 
i33i5‘0952 
Of each section in terms of the others. 

Computed 
Measwad 


Computed 

Measured* 

0-0576 
+ 0-0162 
- 0-0738 


South AVest-End 
to Station A. 


Measured lengths* 
CoTup-uted on base 
S.W. End to Station A 
Comp-uted on base 
Station A to Station B 


13762-1133 


Station A to 
Station 1 


30006-344.6 

30006-3157 


0-0289 


Station B to ComputtKi 

North-East-IOnd 

Heasurad 


13315*1^90 

13315*0352 

13315*073^ 


0-1338 

0*0954 




BANGALORE BASE-LINE 


Description of Stations. 



SOUTH-WEST-END oi? BANG-ALORB BASE, on UTALDTNNA OBSERYATORT 
STATION, Eat. 13“ T, Long. 77° 37', is situated in the district of Bangalore, province Mysore^ 
on tlio liigliest part of tlie undulating ground to the N. generally of Bangalore cantonment. 
An old small square building of about 7 feet side, consisting of a pyramidal roof raised on 4 
stone qiiilars, stands some 70 feet S, E. of the station. The azimuths and distances of some of 
the circumjacent places are as follows; — St. John’s Church, 304° 37'; miles 2'51. Scotch 
Kirk, 327° 16'; miles 2-73. Commissioner’s Flag, 342° 30'; miles 2-23. 

Till.) point to which the nicasuremeiit was referred is denoted by a dot drilled into a plug of bras^ ; the 
dot being placed at tlio centre of a sniall circle on the brass and of a larger one 4'^ in diameter on the stone. The pkig 
is let into a block of gneiss, pyramidal in form, 36'' square at base, 8" square at top and 42^' in height- The block restB 
on the reddisli indurated clay of which the higlilaiid is here composed. The base-line dot is covered for protection with 
a plate of brass some Si/' x 5'^ x The plate carries a coarser dot and circle and is so adjusted that the two 

dots are in tire same normal SiihBequent to the measurement an observatory was erected over the statiom In the first 
instance, a pillar resting on Btone-lioams, tliroWn across the well in wliioh the markstone is sunk, was built over the mark 
and carrieil up flush with the roof of the oliservatory ; the tlieodolite rested on this pillar while the principal angles and 
a^Jnmtlr were observed at this station. After those observations were concladed, the pillar and its supporting stone-beams 
%vere removed. A stone cap was place I over the mark and an isolated pillar of cut-stone built ov^er it to a height of below 
the level of the ol)servatory floor; thcro is a mark on a brass plug let into the surface of this pillar adjusted to agree with 
the normal of tlio lower mark : tlie distance liotwcon these two marks is 3' The upper mark is covered over with 

atone fhigs, flush with the lloor of the oliservatory, a rougli dot and circle being engraved on the stone exactly over the 
marks Imlow. The oliservu-tory also contains an isolated platform 5' G" square, the centre of which is on the prime ver- 
tical of the station already duscril>od and to tlie W. : the distance between the two centres is about 6'|. The platform 
was provided for the iicndulvun olisorvations sulisequently taken at this point. Tlie observatory is 15' 6'' by 11' T', being 
a rc‘etangle with the 2 onsteni angles ( 5 nt oil. It is raised to a licight of 13 feet above the ground-floor and is provided 
wnth a nieritlional ajxirtuixj for Latitude observations, 'fhere are two abutment w'alls on the western side of the liuilding 
whicli carry a flight of stone Btcijs from the level of the roof to within 8 feet of the ground. A block of stone fixed in 
tlio roof carries a rough mark adjusted in the normal of the base-line dot. 

The Soufch-Wcst-Eiid was connected by spirit levelling in IS68 with the Railway Bench- 
mark at the Bangalore Railway Station by two independent rentes; tin's Bench-mark is on the 
East end of arrival platform at tiie Railway Station and is stated by the Resident Engineer to 
be 3{)33‘D7 feet above mean sea level at Madras. Accepting this value, the height above mean 
sea level of the base-line dot was found to be 311S-3 feet. 


NORTH-EAST-END of BANGALORE BASE, or KANNUR OBSERVATORY 
STATION, Lat. 13° 5', Long. 77° 42', is situated in the district of Bangalore, province Mysoi-e, 
on the crest of the high land S. of Kannur and west of Gubbi (Ohota) village. The azimuths 
and distances of some of the villages are as follows; — Kannur, 185°; miles 0-998. Gubbi 
(Chota), 287° ; miles 0-689. 

The Station is marked iir the manner adopted for the Sonth-West-End Station with the following differsu- 
the stirfaco of the ent-atone pillar built over the base-line dot is 4" below the ground-door and S' 7" above the base- 
line dot. I’lie roof of tlie observatory is 12' 8" above the ground floor. 

STATION A, OR NAGVARAM, Lat. 13° 2', Long. 77° 39', is on the straight line from 
Sonth-West-End to North-East-Eud, being distant 2-4 miles from the former, and is situated 
in the Bangalore district, province Mysore, on the northern slope of the high land W. of the 
small village of Hctgvararii. There is a large tank of -water about 0‘4 miles to the N. The 
azimuths and distances of some of the ciicunijaeent places aie as follows — N'figvaram. village^ 
302° ; miles 0-51. St. John’s Church, 353° 17' ; miles 3-17. Commissioner’s Flag staff, 14° 53' ; 

miles 3*99. ^ 

The point to which the moasurement was referred is denoted in precisely the same manner as at the 
South-West-End Station. The superstructure consists of a solid stone platform 10' 6" square and 1' above the ground 
level on which rest four stone pillars carrying an upper platform. The former platform has a mark engraved on stone 
in the normal of the station and the upper platform carries a circular slab of stone with an orifice in it. The theodo- 
lite rested on this slab during the measurement of the principal angles. After the angles had been measured, a cut-stone 
pyramid 2 ' square at base and 6' 3" high was erected on the slab. The heights above the base-line dot are as follows;- — 
Pot on lower platform 1' 7" ; Surface of slab in xipper platform 10' 2". 
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BANGALORE BASE-LINE 


Deseriftion of Stations — (Continued.) 

STATION B, OB EACHTNHALLI, Lat. 13° 3', Long. 77° 40', is on the straight line 
from South -West-End to North-East-Bnd, being 2*5 miles from the latter, and is situated in 
the Bangalore district, province Mysore, on the rising ground between the villages of Racliin- 
halli and Tanisandar. The azimuths and distances of these villages are as follows ; — Rachin- 
halli, 92° ; miles 0‘ 11. Tanisandar, 282° ; miles 0'46. The Scotch Kirk is distant 5*59 miles 
at an azimuth of 16° 6'. 

The point to which tlie measuromont was referred is denoted in precisely the same manner as at the Sonth- 
Wcst-End Station, the pyramidiil mark-stone hoins: annk in a well and surrounded by concrete, but having its top rising 
about 12" above the well iii wlficli it, is sunk, A ciremhu- isolated pillar is built over the mark, the latter being protected 
as usual l)y a hollow stone cap. A scconrl mark is eiigra.vod on 1 lie j)i]lar in tlie normal of the lower or biiao-lino mark 
and 2' 3" above it. To pi’otisjt the jiillar and its nr.irk, stone slaljs have boon placed over the W'holo, I’ostiug on the 
annulus w^itJl, so as not to touch the iiillar at all. 'J’lieso shihs form a circular platform 5' in diameter, and 9" high; and 
having two lines cirt into it inteu-sectiug over the mark. A i)yramid of cut-stone surmounts the platfoim. 

M ACHALBETTA AUXILIARY STATION, on MUCHULGUTTA, Lat. 13° O', Long. 
77° 40', is situated in the Bangalore district on the summit of a rocky eminence 500 or 600 
yards N. of the Madras Railway ; i mile S.S.W. from Lingarajapurarn, and li miles N.E. by 
E. from St. Jolm’s Church. 

The station m niarkod by an isolated circnlar masonry pillar 1 foot high, surrounded by a platform of 
stoixes and eaiiili. The fonner conta-hiH a mark-Htonc at top, and another at bottom.' 

AINUR AUXILIARY STATION, oit YENNUR, Lat. 13° 2', Long. 77° 41', is situ- 
ated in the Bangalore district on the top of tlio rocks above a stone quarry about i mile E,N.E. 
from the village, and i mile N.W. from Agraram. 

The station is tlenottul by an isdlatoil circular masonry jiillar 2 feet high, surrounded by a platform of 
stones and earth. Tlic fonner contaiiis a mark-Htone at top, and another at bottom. 

GUBI AUXILIARY STATION, Lat. 13° 4', Long. 77° 42', is situated in the Bangalore 
district on rising ground 1 rnilo S. of Pedda Guhi village, J mile W. of Kalsanhalli village 
and about 8 miles W. by S. from Iluskota. 

The Htati on is denoted by an mtihiUid circular masonry pillar 2 feet high, surrounded by a platform of 
stones and earth. The Ibnner coutiuns a mark-stone at top, and another at bottom. 

GADALHALLI AUXILIARY STATION, ob GETHALHALLI, Lat. 13° 2', Long. 
77° 37', is situated in the Biingidorc district, and is distant about 350 yards N. by W. from 
the village and H miles N. by W. from the South-West-End of the base-line. 

The station is denoted l)y an isolated circular masonry pillar 7 foot high, surroimded by a platform of 
Btones and eaith. The former contains a mark-stone at top, and another at bottom. 

BASANGUTA AUXILIARY STATION, ob BASWANGUTTA, Lat. 13“ 3', Long, 
77° 38', is situated in the Bangalore district on a rocky hillock, 200 yards W. of the Ballari 
road and i mile S. of Badrayaupuram. 

The station is denoted by an isolated circular masonry pillar 1 foot high, surroundod by a platform of 
stones and earth. The former contains a rnark-stonc at top, and another at bottom. 

SAMPANHALLI AUXILIARY TOWER STATION, Lat. 13° 5', Long. 77“ 40', is 
situated in the Bangalore district on top of a bare rock about 500 or 600 yards E. of the 
village and i mile N.E. of Striramapuram village. 

The pillar is perforated and 12 feet high. It has a mark engraved on the rock in situ. 


J. B. N. HENNESSEY, 



CAPE COMORIN BASE-LINE 



OiPE COMORIN BiSMNE, 



This base-line is situated at the southern extremity of the Peninsula of India, a few miles 
to the north-east of the Cape from which ifs name is derived. The middle point is in latitude 
N. 8“ 15' and long. E. IT 45'; the direction is nearly meridional, the azimuth of the north end 
from the south end being 185" 56'; the length is 1*688 miles; the line was measured four 
times. 

The line was selected and all the necessary preliminary arrangements were made, by 
Captain B. R, Branfill, in the field season of 1867-68, and in the following field season the 
measurement was effected under the supervision of Captain J. P. Basevi, R.B., with the aid 
of tte following Officers and Assistants- 

Captain J. Herschel, RE. Mr. A. Christie. 

Captain B. E. Branfill. „ J. McDougall 

Lieutenant M. ¥. Rogers, RE. „ 0. Y. Norris. 

Mr. G. Anding. „ J. Bond. 

„ J. ¥. Mitchell. „ C. D. Potter. 

„ 6. Belcham. „ C. Torrens, 

The reductions of the observations and of the measurements were carried on, for the most 
part, under the superintendence of Captain Herschel, but they were completed at the Head 
Quarters of the Trigonometrical Survey, under Colonel Walker’s instructions. 





CAPE COMOEIN BASE-LINE. 


INTRODUCTION. 


In order to ascertain the magnitude of the probable errors of base-lines measured with the 
apparatus of compensation bars and microscopes, from the intrinsic evidence of the operations 
themselves, instead of the evidence afforded by triaiigulation connecting the several sections 
of the base, the usual procedure was deviated from at Cape Comorin, and, instead of measuring 
a line of the length of 6 to 8 miles — divided into sections to be compared by triangulation— once 
for all, a line of r688 miles or about one-fourth the usual length, was measured four times. This 
line was extended in opposite directions to a length of 7*635 miles by triangulation on both 
flanks, thus affording for the contiguous Principal Triangulation a side of verification of similar 
length to the previous base-lines. In fact the first intention had been to measure a base-line of 
the usual length in the usual manner, and a line was selected accordingly, and divided into three 
sections, for mutual verification by triangulation on both flanks ; but meanwhile strong repre- 
sentations were made to Colonel Walker by Captain Herschel, who was then engaged in re- 
ducing the measurements of the Bangalore base-line, to the effect that the accuracy of the 
compensation apparatus was very questionable ; he therefore decided to depart from the usual 
procedure of operation, and directed that the central section only should be measured, but that 
the measurements should be repeated four times, and be conducted in such a manner as to indi- 
cate, with all possible certainty, the actual magnitude of the probable errors of base-lines measured 
with the apparatus. 

The entire line lies between, and nearly at right angles to, the crests of the low ridges 
or undulations of Kudankdlam and Rathapuram in the taluk of Nanguneri. The southern 
station, ICudankdlam, is nearly 4 miles B.N.E. of Colonel Lambton’s astronomical station of 
Punnoe, the southernmost point of the well known meridional arc which extends from thence 
to the Himalayas. Proceeding northwards from Kudankdlam, the line passes through the 
stations of Sh^ngandri and Parmespuram, the distance between which was measured four times 
by the compensation apparatus, and which are therefore the terminal stations of the linear 
measurements. — ^The entire length was determined by triangulation from the measured section, 
and the stations at the extremities of the entire line are the terminal stations of the Principal 
Triangulation between Bangalore and Cape Comorin. 

The preliminary arrangements and the general programme of the operations have been 
fully described in section 2 of Chapter VIII, which should he referred to for further information 
on the subject. 
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The comparisons of the compensation bars with the standard were made with the pair 
of microscopes which had been used at all previous base-lines and are described in Appendix 
No. 1, but with the addition— at Bangalore and at this base — of a micrometer to the microscope 
which originally carried a fixed wire only. This addition was a great improvement, as regards 
the delicacy of the operations, but it added very considerably to the bulk of the record and to 
the labor of the reductions ; thus it is not desirable to print the whole of the original micro- 
meter readings and reductions, as they would occupy about eight times the space which sufficed 
for the record of the micrometer readings at the preceding base-lines ; in this place will be given 
the resulting excess of each bar over the standard, at the temperature of 62“, as reduced with the 
old value of the factor of expansion of the standard, which was determined in Calcutta in 1832, 
and which is indicated in the theoretical investigation of the changes in the length of a compensa- 
tion bar and invariably throughout Chapters VII and VIII, by the symbol 

Thus in the following tables of the results of the comparisons of the compensation bars 
with the standard, the quantities in column B are the numerical values of x” for bar B in 
equation 10 page (65), and those in the column for the mean are the numerical values of X" in 
equation 15 page (69). They are expressed in divisions of the micrometer K, the value of 
which, determined from runs taken on inch [aJi] of the standard foot, was found to be 21758 
divisions = 1 inch of standard A ; and thus B'„, the preliminary value of the expansion of the 
standard for TP, = 17-74 K-divisions. 

The temperatures in the table are the observed temperatures corrected for the calibration 
and index errors of the thermometers which are given in Appendix No. 8. 

All the comparisons of the compensation bars with the standard were made in the vici- 
nity of the Parmespuram station — ^the northern terminus of the measurement — in the base-line 
tents; the comparing microscopes were fixed on stone caps, resting at three points on substan- 
tial pyramidal blocks of stone which were carefully isolated and placed parallel to the direction 
of the base-line ; when the position of the bars were reversed, as described at page (64), the 
stone caps carrying the microscopes were also reversed on their supports. 

As soon as sufficient practice made it possible, the rule was observed of beginning a 
comparison of the set of compensation bars with the standard at every half-hour, and thus 
distributing the operations with equal regularity over the whole of the working hours ; every 
comparison of the set of bars commenced and terminated with an observation of the standard. 

The operations for the measurement of this base-line differ most materially from 
those of all the previous base-lines in the arrangements which were made for measuring 
the thermal inequalities of the components of the compensation bars. It has been shown in 
Section 3 of Chapter VII that a knowledge of the differences of temperature of the components 
is essentially necessary for the determination of the normal length of a compensation bar ; there- 
fore one of the bars was fitted with thermometers, and taken as a representative of all the 
others (Section 4, Chapter VII), and the temperatures of the components of this bar were 
systematically observed, throughout the whole of the operations. 
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Preliminary remits of the comparisons of the compensation bars A, B, C, D, E, H, ty 
Standard, before and after the 1^^ measurement. Brass components West. 

^ ^ " '■ 

§ « § Preliminary excess of bars over Standard at 62“ Falironlieit '^“‘perabii’es of 

S § .E3 S ill divisions of K. micromotor, Idi-amoa = 1-277 jn.?/ of A components 

„ -S fl J 5 ot B. 


62°-)-Tj 
Temp : 
of brass 
bar. 


excess of 
iron over 
brass. 
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74*47 
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81 - 48 
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162- 4 
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158*4 
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182 - 6 

183 - 4 
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1 8a -6 
181-8 
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161*5 
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1:83-2 
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179-8 
182*7 
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172*7 
172*4 
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203 - 6 
213*0 
214-9 
223 -a 
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223 - 9 
223*6 
221*4 
223*1 
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223*0 
224*2 
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199*3 
201*8 
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272-9 
274-8 
272-7 
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263*8 
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260-9 
252*7 

256*3 

249-2 
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191-7 
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196-1 

203*3 
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208*1 

209-5 
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205-9 

209-0 
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182-4 
181-6 
1 B 6-9 
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208-4 
207*8 
213-3 
215-6 
a2'3-3 
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215*2 
209*3 
208-7 
203-5 
20 1 -3 
198*2 

194*1 


181-3 

182*9 

179*7 

186-9 

189-1 

188-6 

197-a 

196*0 

195-6 


187*3 

190 - 6 
187-5 

191 - 3 
196-7 
200*0 

206 - 3 

207 - 4 

204-7 


194-9 

i 95 ‘'i 

196 - 9 

19.^9 

193- 1 

181-2 
1 8 1 *6 
iSa'a 
183-8 

197 - 2 
200-8 
200*6 

201 - 4 

202 - 9 
208*1 
206-9 
20 2*6 
I 96 -B 
195*6 

194- 9 

192*6 

I9I-4 

x 86 -a 


197 - 6 
2 02*3 
203-2 
206-8 
210*7 
212*8 
209-7 
209-0 
203*8 
203-6 
202*8 

198 - 6 


79*40 

80-47 

82-11 

82-90 

83*5« 

84-06 

84-40 

84-70 


73 *<55 

7 3' 76 
74-09 
74-61 

75*40 

76 - 36 

77 - 12 

79* 4 
80 - 4 
81 * 4 

82 - 4 

83 - 2 
84 ’ I 
83 - o 
85 * 5 

86 - o 
86 * 4 
86 * 7 


*02 Capt. Basovi at L. 
*04 or S. end ; Capt. 
*07 Branfill at K or 
■13 N. end. 

■a 4 Observei-s cliang- 
■39 ed places. 

•43 

•44 

*39 Col. Walker, at K. 
•38 

or N. end ; Lieut.l 
*38 Rogers, at L. or 
*33 S. end. 

‘35 Observers chang- 
*33 od places, 

*33 

• 0 ^ Col. Walker, at K. 
*13 or N. end ; Lieut. 
*15 Rogers, at L. or 
;i5 S. end. 

Observers cliang- 
'33 od places. 

■37 

3 Captain Branfill, 

4 at K ; Lt. Hers- 
■ 4 chel at L. 

• 4 
4 

4 Observers cliang- 
“ ed places. 


The tliermometers on Standard A were No, 7295 and 7298. 

January 9th — On Bar B, left end, thermoinoter on iron No. 720C, on brass No. 7293 j Right end, thermometer 

on iron No. 4206, on brass No. 421G. 

„ 11th — (1) to (7) On Bar B, Left end, thermometer iron No. 7296, on brass No. 7293; Right end, 

thermometer on iron No. 4206, on brass No, 4216. 

„ (8) to (157 On Bar B, Left end, thermometer iron No. 7296, on brass No. 7293 ; Eight end, 

thermometer on iron No. 7347, on brass No. 7349. 

„ (16) to (18) On Bar B, Left end, thermometer iron No. 7348, on brass No. 7293 ; Right end, 

thermometer on iron No. 2406, on brass No. 4218. 

January 9th — (1) Slight clouds at sunrise ; afterwards clear -with strong north breeze ; towards noon cumuli 

formed. 

„ (11) Light clouds, sun occasionally obscured. 

„ 11th — (1) Light clouds at sunrise, afterwards clear. 

„ (5) Strong wind from north. 


* The origmal record giros 203-1 which is evidently erroneous and has been altered to 183'1. 



CAPE COMOEIN BASE-LINE. 


Frdimnmy results of the eomparisom of the compensation bars K B, G, D, E, H, with the 
Standard, before and after the measurement. Brass components West. 


Preliminary excess of bars OTor Standard at 62® Palirenlioit, 
in divisions of K micromotor, 1 division = 1*277 of A of 3 , 


& & 


62° + T2, 

H Mean T^mp: excess of 
/v‘>\ of brass iron over 
' bar. brass. 


Bbmabes. 


7t. m. 

7 10 A,M, 

7 44 

8 la 

8 40 

9 II 
9 40 
10 II 

10 41 

11 19 

II jja 

o 19 P.M. 

0 46 

1 16 


5 8^■o 


/ — r ^ 

8 .8.5-5 

9 8(5' a 

10 87-4 

11 88‘a 

12 Sp'o 

13 89-2 
H 89*5 ; 
L? 9°'^ 

16 89'9 

17 89-1 

18 87'2 

19 86-2 

I 75*4 
a 76-3 

3 77*4 

4 79‘4 

5 807 

6 82 'o 

7 83-1 

8 84-0 

9 85-1 

10 86'o 

11 87’i 

12 87-8 

13 87-8 

14 887 
89'o 

1(5 89-0 

17 89-1 

18 89'i 

19 89-3 

20 83’4 


Mean of 4 days com- 
parisons 


77-44 

77- 44 j 
77*68 I 

78- 04 I 

78- 54 

79* 1 8 

79- 98 
80' 79 
81*84 
82*72 

8,3-45 

84*21 

85*06 

; 85*92 

86*61 

87*28 

87*78 

88-05 

88*03 


7 2 A.M. 

7 22 

7 42 

8 16 

8 44 

9 17 
9 42 

10 9 

10 59 

11 9 

45 

O 15 F.M. 


147*2 

152*9 

153-5 

157-3 

i6i*i 

167-9 

171-5 

173*0 

178*3 

176*4 

177*6 

175-3 

177*0 

173-7 

17.3-3 

175-0 

170-9 

174*2 

175-4 


77’2o 

77- 65 

78*30 

78- 93 

79*60 

80*42 

81*26 

82*30 

83*14 

83*91 

84*61 

85*41 

86*00 

86*58 

86- 99 

87- 42 
87*69 


179-4 

174*6 

176*5 

169*2 

172*2 

172*1 

174-5 

i68*7 


163 -o 
164*7 

i68*6 

168*9 

175*2 

175-9 

184*3 

192*8 

104*8 

196*0 

196*0 

201*1 

201*6 

196*0 

197*7 

191-5 

191-4 

190*4 

189*8 

189*7 


198-6 

199*2 

206*4 

204*0 

215*6 

224*8 

229*9 

236*4 

a.37-3 
as 7-5 

239- 6 

a.39'3 

236-6 

240*7 

240- 1 
234-2 
a.3.3-2' 

234-1 

331-5 

202-2 

205-3 

204-8 

208-7 

a 1.3-3 

218*0 

337-5 

232*6 

237*2 

241- 3 
240*5 

244-9 

344-1 

237*2 

236*4 

229-4 

229*4 

229*8 

228*5 

229-2 


2.39-9 

245-4 

245-0 

2.')3-l 
260*7 
266*0 
278*3 
277*2 
280* I) 
284*6 
280*1 
285-0 
28.VI 
281*9 
282*7 
280*7 
276*8 

279*0 

273*8 

24.3-1 

247*9 

248*6 

2.35-3 

359-9 

266*2 

269*5 

377-7 

280*9 

281*4 

281*8 

286*9 

287*2 

287*6 

385-2 

278*4 

280*6 

281*8 

279*8 

375-9 


184*6 

189-4 

i86-8 

195*8 

202*5 

209-6 

219-7 

220*6 

227*4 

228*5 

225*3 

225*8 

223*6 

234-5 

227*7 

222*1 

221*1 

219*4 

2i6*3 

185*2 
192*2 
191 "O 
201*4 
210*3 
214*4 
221*4 
222-4 
228*7 
227*6 

233*2 

3.35-5 

335-4 

231*1 

231*6 

224*1 

334-5 

323-4 

220*3 

3i<5-5 


178*6 
184*3 
185*2 
190*6 
20 0*4 
205*2 
208*2 
212*6 
212*3 
214*4 
210*5 
213*1 
210*5 
31.3*0 
212*3 
212*2 
210*7 
2o8*5 
206*5 


77-14 

77-37 

77*69 


217*0 
219*2 
220*3 
221*2 
2 1 8*3 
220*8 
219*6 
219*2 
209*9 
212*7 
211*9 
2 o 6*4 
203*5 


209*1 

2 i 6*3 

218*1 

221*3 

222*9 

220*9 

222*0 

220*1 

220*8 

221*4 

219*1 

216*8 

217*4 

315-5 

187*4 

191*8 

192*1 

197*6 

2oy6 

20&2 

313-0 

218-3 

221*9 

223*8 

224*4 

227*0 

228*1 

224*4 

224*4 

217*1 

218*5 

218*2 

216*6 


83- 03 

84*12 

84- 97 

85*80 

86*66 

87-59 

88*33 
88*93 
89*.39 
89-53 ! 

89-38 

78*01 

77-84, 

77- 78 

78- 00 

78-47 

79*17 

79*86 

80-72 

81*74 

82*70 

83- 83 

84- 83 
8.5-71 

86*45 

87*31 

87*88 

88*40 

88*65 

89*97 

89*14 


+ *i 0 Lt. Horsohol at K. 
•08 Capt. Basevi at L. 
*12 

-19 

'35 

•43 

'57 

.67 

*70 Col. Wallcor, aiwi 
*68 Lt. Rogers. 


*59 Observors chang-. 
' 58 ed places. 

'54 

•48 

•47 

'4.3 

4- * I o Capt . Basevi at K . 
*09 Lt. Hersched at L. 
•10 

•19 

-3.3 

'31 

•42 

•55 

*64 

•67 

*69 Captain Branfill, 
•68 at K. Lieut. lio- 
*65 gers, at L, 

•57 

'51 

*51 Observers cliang 
*43 ed places. 

*46 

■43 

•35 


80*78 162*6 i8o*2 221*5 266*5 210*4 200*4 206*3 


On Bar B, Left end thermometer, on iron No. 7291, on brass No. 7287 5 Right end thermometer, on iron No. 7292 
on brass No. 7290. 

January 25th. (1) Eine morning ; feiv cumuli, light wind^N.E., afternoon rather cloudy. 

{12) Sunshine and a fe*sv* cirri. 

« (15) Wind from S.E. 

w (1) Eine morning, cirri and strati. Wind light N.K | 





BAR COMPARISONS. 


Preliminanj rmilis of the compansons of the compensation bars A, B, C, D, E, H, with the 
Standard, before and after the ^nd measurement. Brass components Bast. 


^ 'g Preliminary oxcosa of bars over Standard at 62“ Fahrenheit Tomporatiiroa of 

g I _ 1 in diviaions of K micrometer, 1 division = l-2'77 w.y of A coJ^^onents 


A B C D 

(x") 


62® 4- Tj 

H Mean oxcossoi 

CX!') iron over 

^ ' bar* brass. 


Eemabks, 



k 



0 

0 


7 

l4|. I 

76-0 

77-64 


7 

39 

2 

77*2 

77-50 


8 

la 

3 

77-8 

77-57 


8 

41 

4 

79-1 

77‘74 

« 

9 

16 

5 

82-2 

78-39 

b 

9 

42 

6 

83-1 

78-96 

1 

10 

X 2 

7 

84-5 

79-81 

J 

10 

40 

8 

85-7 

80-71 

rd 

II 

12 

9 

86-3 

81-71 

00 

II 

40 

10 

87-7 

82-59 


0 

I X F.M. 1 1 

89-0 

83-64 

* 

0 

43 

12 

90’4 

84-72 


I 

II 

13 

90-7 

8|)'64 


I 

39 

14 

pro 

86-51 

2 

10 

15 

pro 

87-42 


2 

39 

16 

90-8 

88‘oo 


3 

12 

17 

91-6 

88-65 


3 

40 

18 

91 '5 

89-16 


4 

9 

19 

91-2 

89-60 


6 

42 A.JI. r 

7 ^'S 

79-33 


7 

13 

2 

77-1 

79-05 


7 

44 

3 

78-2 

78-89 


8 

10 

4 

79-6 

78-93 


8 

42 

5 

81-4 

79-19 

* 

9 

II 

6 

82*6 

79'6 i 

i 

9 

42 

7 

83-7 

8o-20 

d 

10 

14 

8 

85-1 

80-89 


10 

41 

9 

86-4 

8x-6i 


II 

12 

10 

88-0 

82-55 

CR> 

II 

43 

II 

89-3 

83-61 


0 

9 12 

89-7 

84-48 

oi 

0 

42 

13 

00-0 

85-57 


I 

13 

14 

89-8 

86-54 


1 

47 

15 

88-7 

87-22 


2 

12 

16 

88*0 

87-44 


2 

39 

17 

87-5 

87-58 


3 

14 

18 

87-5 

87-65 


3 

41 

19 

87*6 

87-67 


4 

9 

20 

87-0 

87-64 


1487 

147-1 

147-8 

149- 0 

1457 

1447 

147-8 

ii;o-i 

I47-I 

144-4 

140- 0 
142-9 
I i;i'o 

154-2 

161-7 

170-1 

169-0 

173-9 

183-9 

1 55 ‘4 

150- 9 
1 50-1 

150-9 

146- 5 
142-1 

141- 9 

141- 7 

142- 3 
140-9 
142-5 

147 - 5 

146-7 


160*9 

160- o 

157-4 

1 6 1- 2 

157-1 

157- 6 

156- 1 

158- 4 

157- 4 

153 - a 

154 - 3 

153-5 

160-7 

165-1 

173 - 9 

179-4 

174- 6 

185- 8 

197-2 

165-1 

164-0 

158- 7 
160-6 
158-6 

1537 

152-9 

150-4 

152-8 

157-0 

155 - 2 

164-0 

164-6 

174-7 

176-0 

186- 7 

178-4 

188- 4 

189- 9 
1902 


201*0 

198-6 

201 - 5 
198-6 

198 - 7 

195-2 

195 - 6 

194-5 

199 - 3 

198-3 

194-9 

197 - 2 

202 - 3 
214-9 
2 1 8-8 
225-5 

220-5 

230-9 

230-7 

200 - 6 
201*0 
201-0 

198 - 2 

199 - 9 

188-0 

187-0 

198-3 

193-7 

193-1 

196- 6 
203*7 
206-7 
220*0 
220-9 

224 - 6 
220*9 

225 - 2 

227 - 4 

228 - 7 


242*4 

240 - 4 

241 - 4 
241-3 

237 - 4 

238 - 3 

240*2 

241-0 

2417 

236-4 

235-8 

230-4 

239 - 6 
244-0 
260*8 
268-1 


249 - 7 

250 - 3 

248-9 

243-5 

237 - 7 

2317 

232*6 

228-9 

234-2 

238 - 0 

237 - 3 

238 - 2 
246-5 
256-6 

258-5. 

265-2 

258*1 

262*2 

265-1 

265-6 


1 86 - 2 

187- 4 
185-4 

190- 7 

179- 8 

18 1 - 0 

183- 0 
182*7 

188- 4 

182- 1 

184- 0 

185- 5 

192-4 

197-3 

203-0 

206-9 

208-4 

215*8 

224*6 

187-2 

191- 5 

192- 7 
180.4 
182*7 
179*0 
180*3 

1 8 0- 6 

183- 6 
187-9 

184- 7 

193 - 3 

190-3 

202*6 

205-6 

213-7 

202*7 

210 - 9 

21 1- '; 

217-6 


182- 8 

179- 8 

181- 7 
1849 

17^4 

180- 9 

183- 8 

182- 2 

187- 1 

184- 8 
184-1 

194-3 

194 - 5 
198-5 

203-9 

207-9 

2044 

215-3 

222*6 

180 - 3 

181 - 3 
178-6 
172*7 

178 - 2 
170-9 
175-8 
175-8 

179 - 3 

184-0 

184-8 

188- 5 
189*1 

195 - 7 

195-8 

21 ro 


187*0 

185-6 

185.9 

187-8 

182- 7 
183*0 
184-4 
184-8 
187-0 

183- 2 

182- 2 

184- 0 

190-1 

195-7 

203-7 

209*7 

205-8 

215-1 

222-7 

189-7 

189-8 

i88'3 

184-4 

183- 9 

177- 6 

178- 4 

179- 3 

i8i-o 

183-5 

183-5 

189- 2 

190- 7 

200-7 
202-5 
210*6 


201-2 203-5 
206-3 211*2 
213-0 214-0 
209-3 214-8 


79-07 

•+"01 

78-81 

— -02 

78-78 

•08 

78-82 

■07 

79-27 

’04 

80*05 

-07 ■ 

81-02 

'lO 

82*02 

-12 

83*11 

•17 CaptBranfillatK 

84-07 

-26 Lt. Hei?schel at L. 

85-22 

•32 

86-43 

•32 

87-35 

*21 

88-i6 

•06 

89-02 

■i" -1 1 Observers changed 

89*63 

’18 places. 

90-16 

-27 

90*62 

'34 

90-96 

'43 

79-83 

-f -1 5 Lt. Herschel, at K. 

79*39 

•07 

79*14 

*03 Capt. Brannll at L, 

79-13 

-•03 

79’49 

•12 Observers changed 

80-14 

•19 places. 

80-91 

*22 

81-79 

-23 

82*70 

'22 

83-83 

-23 Capt. Basovi at K. 

85-10 

'21 Lt. Rogers at L. 

86-o8 

-17 

87-28 

-i8 

88-i8 

■00 

88-40 

+ - J 1 Observers changed 

88-32 

•16 places. 

88-14 

•18 

87-85 

•35 

87-66 

-32 

87-47 

-40 


The thermometers used on Standard A -were Nos. 7295 and 7298. 

On Bar B, Left end, thermometer on iron No. 7291, on brass No. 7287 : Right end, thermometer on iron No. 
7292, on brass No. 7290. 

January 28th (13) A few clouds and little or no wind. 

„ 29th ( 11 ) and (12). Alternate cloud and sunshine. 

„ (13) (18), (19) and ( 20 ). Sunshine. ‘ 

n (H) Wind changed to East, 



CAPE COMORIN BASE-LINE. 


^—8 

Preliminary results of the comyarisons of the eomjpensation bars A, C, D, Ej H, with the 
Standard, before and after the 2nd measurement. Brass components Bast. 


o 5 

rH 

o' 

"ca 

CD 

i 

■§ 

1 

§ ^ 

1 

1 

Preliminary excess of bars over Standard at 62 ° Falirenlieit 
in divisions of K micrometer, 1 division = 1*277 w.y of A 

Temperatures of 
components 
of B. 
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i. 
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a 

o 
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B 

c 

D 
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Temp : 
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d 

o 

0 

m 

tD 

1 
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(X") 

of brass 
bar. 

iron over 
brass. 



I25 B 

EH 










! 


Ji. m. 

6 59 A.M. 

I 77 "i 

rP 

78-27 

148-8 

160-3 

198-2 

240*0 

i8o-8 

176-5 

184-1 

79'54 

+ *04 

Capt. Branfill at K. 


7 ar 

2 78‘3 

jiS'io 

147-9 

i6o‘4 


^ 39*3 

177*9 

174-3 

182-5 

19'35 

— •02 

Lt. Herschel at L 


40 

3 79‘5 

^S'oj 

145*4 

154-2 

190*1 

^ 33*7 

175*1 

172*6 

178-5 

79*31 

-06 



8 13 

4 82-3 

78-24 

i 35*<5 

146*0 

i8o-8 

224*8 

167-2 

164-5 

169-8 

79-62 

-18 



8 42 

5 84’^ 

7874 

129-4 

142*1 

178-5 

217-4 

i6i*i 

157*9 

164-4 

80*41 

*35 


9 12 

6 85-1 

79'49 

124-7 

140*3 

178-7 

217-8 

162-1 

156-6 

163-4 

81-45 

•52 

Observers changed 

S 

40 

7 86-(5 

8o‘22 

116-5 

135*3 

172*6 2i6’7 

158-8 

156-7 

159*4 

82*40 

•59 

places. 


10 4 

8 88-0 

81*01 

119-3 

133*0 

173-3 

212*7 

162-4 

157*9 

159-8 

83 -.IS 

'64 


41 

0 8g‘a 

82-34 

117-9 

138-1 

178*1 

218*3 

169-2 

r 53*3 

164*2 

84-80 

•58 



IX II 

10 90-5 

83*45 

128-4 

146-5 

i8r8 

225-4 

179*3 

169-5 

171-8 

85*93 

■49 


o 

39 

II 9 i'i 

84 ' 6(:5 

I 33'4 

151-8 

187-8 

227-8 

176-9 

173-8 

175*3 

87*16 

*49 

Qipt. Basovi at L. 


010 P.M. 

12 91-3 

85-81 

138-2 

157-0 

194*3 

230-9 

180*9 

178-6 

j8o*o 

88-26 

■44 

Lt. Rogers at K. 

CO 

41 

13 9^\5 

86-96 

1 44- 1 

162*1 

197*9 

2347 

184-9 

180-6 

184-t 

89-31 

•37 


I 9 

14 91 '6 

87-78 

144-4 

161-4 

196-3 

241*4 

192-4 

i8t-6 

186-3 

89*99 

■30 


hH 

hH 

39 

9 i '3 

88-50 

151*2 

170*0 

209*6 246*4 

197*4 

1 89-0 

193-9 

9°*53 

*21 



2 9 

16 90 9 

89-05 

158-8 

178-9 

213*8 

257*5 

202*8 

195*3 

201*2 

gO‘00 

•10 



40 

17 9o‘8 

89-52 

163-8 

180-4 

221-3 

263-3 

2o6*2 

199*5 

205*8 

91-21 

+ "03 



3 8 

18 90-5 

89-80 

166-9 

186-8 

224-7 

268-3 

212-6 

202*7 

210*3 

91*37 

•13 



3 38 

19 po'iS 

90-07 

169-8 

189-2 

230*7 

273*8 

217-2 

207-8 

214*8 

91-48 

-24 



.4 10 

20 907 

90-ai 

171-5 

191*1 

232-7 

279*0 

218-0 

209*6 

217*0 

91-48 

•32 



6 50 A.M. 

1 7 d -9 

77-91 

143*7 

159-2 

199*1 

243*7 

185-9 

175*9 

184-6 

78-43 

+ •11 

Capt. Basovi at K. 


7 20 , 

a 77-0 

77*^3 

H 7*5 

163-3 

198-0 

244*3 

183-7 

177-2 

185-7 

78-19 

■03 

Lt. liogors at L, 


41 

3 78-3 

77‘.34 

144-4 

160-4 

195-6 

239-8 

183-6 

176-8 

183-4 

78-13 

— -04 


8 II 

4 807 

77-63 

i 37*5 

151-8 

188-2 

230*2 

172-3 

170*3 

175*1 

78-37 

-14 



41 

5 82-3 

78-07 

137-2 

149*3 

185*7 

172-2 

167-1 

172-9 

79*03 

■26 


b 

9 9 

(5 83-9 

78-66 

133*7 

147-8 

181-9 

223*6 

170-4 

165-1 

170-4 

79*83 

•35 

Observers changed 

a 

39 

7 86'o 

79*30 

13.ro 

149*5 

187-7 

226-8 

175*1 

164-6 

1 72-8 

80-86 

-42 

places. 

1 

10 10 

8 87-6 

80-58 

128-1 

145-2 

i8o'7 

225*0 

170-5 

162-6 

168-7 

82-24 

-48 

OJ 

39 

9 89' 2 

81-70 

123-2 

140-1 

175*9 

170-4 

163-0 

165-4 

83-55 

•55 

■58 


4 J 

II II 

10 91-4 

83-05 

124-9 

145*3 

182*0 

227*2 

175*9 

167-9 

1 70*5 

85-21 


39 

11 93-0 

84-31 

125*2 

142-5 

.181*2 

220*6 

170-1 

167-2 

167-8 

86-6o 

-60 : 

Lt. .Herschcl at K. 


0 10 U.M. 

12 947 

85 '83 

130*5 

146-2 

i86-2 

230*2 

174*2 

170-5 

173-0 

88-07 j 

' 5 ^ 

Capt, Branfill at L. 


41 

13 93 ‘4 

87-12 

133*3 

155*1 

196-4 

244*0 

185-7 

181-6 

182-7 

89-10 

■42 

I 9 

14 93'3 

87-89 

137-0 

162-7 

202*i 

249*4 

191-7 

188-a 

188-5 

89-47 

■^5 



37 

15 93’7 

88-59 

146-0 

165-8 

205-9 

249*3 

194-4 

195*1 

192-8 

89-87 

•20 


M 

a 10 

1 6 93 '2 

89-31 

149-4 

167-0 

210*3 

250*0 

196-9 

19S-2 

195*3 

90-27 

•10 

Okservers changed 


4a 

17 92-3 

89*80 

1 ^ 1*5 

179-9 

ai 5’9 

262-1 

205*5 

2o8'o 

205-5 

90-41 

+ -04 

places. 


3 17 

18 91-5 

90*02 

167-6 

186-4 

224-3 

268*8 

212-7 

216-9 

212-8 

90-41 

-12 



42 

19 9o‘8 

90- II 

170-8 

191-7 

228*3 

272*2 

217-1 

221*4 

216-9 

90-36 

-21 



4 8 

20 89'8 

90*10 

174*5 

190-0 

230-9 

274-9 

217*2 

222*0 

218-3 

j 90-23 

•30 


Mean of 4 days 
parisons, 

. com- 1 

83*5° 

147-9 

162*7 

201*8 

243*4 

189-3 

185-5 

188-5 

84*80 

--*X2 



February 10th. (1) Fine morning up to 10 o’clock. 

„ (8) Cumuli occasionally obscuring sun. 

,, (10) Sunshine, generally, for the' remainder of the day. Sea breeze set in about noon, but the 

■wind was gentler than usual, 

„ 11th Fine clear day, no clouds until the afternoon and then a few cumuli only. 



BAR COMPARISONS. 




Preliminary results of the comparisons of the compensation bars A, B, D, E, H, with the 
Standard before and after the Zrd measurement. Brass components West. 
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Lt. Herschel at K. 
„ Rogers at L. 


Observers chang- 
ed places. 


Capt. Basovi at K. 
„ BranfillatL. 


Observers chang- 
ed places. 


Capt. Basovi at L. 
„ BranfillatK. 


Lt. Rogers at L. 
Capt. Basevi at K. 

„ BranfillatK. 
Lt. Rogers at L. 
Observers chang- 
ed places. 

Lt. Rogers at K. 
Capt. Basevi at L. 


Observers chang- 
ed places. 


The thermometers on Standard A -were Nos. 7295 and 7298. 

On Bar B, left end, Thermometer on iron No. 7291, on bi-ass No. 7287 j right end, Thermometer on iron No. 
7292, on brass No. 7290. > b > 

February 12th (1) Rather cloudy morning, strong N.E. -wind. 

„ (11) Cloudy. 

„ (14) North East -svind all day. 

13th (1) Cloudy morning, few drops of rain fell during the set. Slight fall of rain at about 4 a.m. 

„ (3) Sunshine. (4) Wind North. (5) Clouds. (6) (7) and (8) Sunshine. (13) Sunsliinc. 

(14) Clouds. 
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CAPE COMOPJN BASE-LTNE, 


Prelininary results of the compm'isons of the compensation bars A, C, D, E, H, with the 
Standard before and after the Zrd measurement. Brass components West. 
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lebruary 24th (1) Dull cloudy morning folloiving on a rainy day. No sunshine till near the 7th set. 

” » (7) and (9) Still cloudy. (12) Sunshine. (13) Sunshine, strong N. wind. (18) Wind chang- 

ed to E. sea breeze. 

25th (1) Bi%ht morning, wind from N.E.' 

}) (10) Wind gusty, day generally bright, • 





BAR COMPARISONS. 
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Preliminary results of the comparisons of the compensation bars A; B, C; D;, E, H, with the 
Standard before and after the Mh measurement. Brass cornponents East. 
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8,3-84 


0 

9 P.M, 12 

90-0 

84-93 

r-H 

0 

40 

13 

go-6 

85-94 

> 

I 

9 

14 

91-6 

86-86 

r 

I 

40 

15 

93-0 

87-73 


2 

12 

16 

93-1 

88-56 


2 

41 

17 

93-0 

89*23 


3 

10 

18 

92-3 

89-78 


3 

42 

19 

91-2 

90-16 


4 

9 

20 

91-2 

90*35 


6 

^2 I 

78-9 

8roo 


7 

7 

2 

79-3 

80-88 


7 

38 

3 

80-4 

80*75 


8 

8 

4 

81-4 

80-79 


8 

39 

5 

82-3 

8ro3 


9 

8 

6 

83-9 

81-38 

i 

9 

39 

7 

85-4 

81-90 

Sh 

X 

10 

9 

8 

88-0 

82-59 

0 

10 

40 

9 

89-0 

8,3*62 

a 

II 

JO 

10 

90-2 

84-60 

t**- 

f 3 <| 

II 

39 

II 

91*4 

85-69 


0 

9 P.M. 12 

91-4 

86*74 


0 

40 

13 

91-3 

87-62 


I 

7 

14 

92-1 

88-,3I 

hH 

1 

39 

15 

93-4 

89-1,3 


2 

§ 

16 92-8 

89-9* 


2 

38 

17 

92-4 

90*53 


3 

8 

18 

92-8 

91-08 


3 

38 

19 

92-9 

91*46 


4 

9 

20 

92-0 

91 *<53 


150*6 170*1 
154*4 1 66*0 
156*4 167*5 
152*1 i6i‘2 
I53'a i<547 
i 5,?'5 i_ 58'8 
iji'i liSo-i 

I48'6 

I 48'4 i6i-2 
i5x'2 i62'5 
' 5^'9 i< 57-7 
154-6 172-3 


171-6 *181-4 
169-1 183-1 
176-4 187-1 
175-0 191-8 
178-6 199-0 


203-0 

207-5 

198-6 

203-2 

197-2 

194-3 

193-6 

189-3 

i88-2 

191-1 

193-3 

197-4 

203-4 

213-6 

»i5'3 

221-6 

226-1 

229-2 

234-1 

^^34-8 

206*3 

205 - 9 

206 - 6 
202-0 
201*7 
202*0 
200*4 
197*0 

i99‘3 

205*6 

209-1 

213*4 

220*9 

219*0 

219*5 

222*3 

224*0 

233-3 

^ 33-5 

244*4 


245-3 

249-9 

244-1 

241-7 

240*4 

236-9 

235-1 

234 - 8 

235 - 6 

234-7 

238-3 

243-5 

247-1 

254-7 

258-8 

266-6 

275-3 

281 - 7 
286-8 

282 - 4 


189-0 

19.20 

188-6 

i88-8 

186- 5 
180-5 
183-0 
179-7 
177-7 
183-8 

187- 9 

193- 0 

197 - 4 

203-4 

307-0 

215-4 

222-5 

225- 7 

235-5 

232-5 

198.8 

^95*5 

^95*5 

194- 1 

198- 9 
193*4 
196*0 
194*7 
196-4 
202*7 
202-8 
207-4 
209*5 
2o8'o 

215-4 

220'I 

221-9 

226- 8 
239-4 

2337 


Mean 

(X") 


187-4 
183-2 
180-0 
182-6 
180-5 
t8i-2 
178-7 
176-3 . 

175-0 

178-3 

182-7 

185-3 

190-4 

196-9 

199-5 

203-0 

205-7 

214-7 


I88-I 

186- 6 

187- 7 

183- 4 

184- 9 
181-4 
183-2 
1 86*2 

187- 8 

188- 2 

195-0 

197 - 9 

198- 6 
204-1 
209-6 
212-9 
214-8 

22I'8 


188-7 

192-3 

185 - 9 

186 - 5 
184-9 
182-0 
182-2 
179-7 

179-8 

181-4 

184-5 

188 - 5 

192 - 7 

198 - 3 
202-2 

207 - 9 
212-1 
217-5 
222-2 
222-0 

196-2 

193 - 7 

194 - 4 

190-8 

192 - 9 

189 - 3 

189-8 

187 - 2 
189-0 

193 - 9 

195 - 3 

199 - 2 
202-7 
204-5 

208 - 3 

2II-2 

213-1 

219-0 

321-1 

227-6 


62 ° + T^ 

Temp : oxcesa of 
of braas iron over 
bar. brasB. ' 


Ebmaeks, 


80-47 

80- 28 
So'i6 \ 
80*41 
80*85 

81 - 47 

82 - 08 
82.84 

83 - 69 

84 - 79 

85 - 92 

87-07 

87 - 96 

88 - 59 

89 - 35 

po'oo 

90- 52 


80- 84 
8) -02 

81- 44 
83-04 

82- 84 

83- 92 
85' 10 
86 '30 

87 - 50 

88 - 67 

89- !58 

89- 89 

90 - 63 

91 - 52 

92 - 12 

93- 61 
92-85 
82-85 


4- '01 
*01 
- '05 
■13 
'13 
■19 
*20 
*24 
-38 
•30 
■32 

*32 

■17 

*09 
*01 
4- *06 
*10 
•17 
"24 

*31 


4- -02 
*01 


Oa,pt. Basevi at K. 
Lt, Rogers at L. 


Observers clianjr- 


-17 
*14 
*08 
+ *0^ 
•04 
’04 

’03 

’* *06 

•10 

•13 

‘23 

■37 


ed places. 


Capt.Hersobel at L. 
„ BranfiRatK. 


Observers cTiang- 
od iilacea. 


Capt. Branfill atK. 
Lt. Rogers at L. 


Observers chang- 
ed places. 


it.Basevi at K. 
Herscbel at L. 


Observers chang- 
ed places. 


The thermometers on Standard A were Nos. 7395 and 7298. 

On Bar B, left end, Thermometer on iron No. 7391, on brass No. 7287 j right end, Thermometer on iron No, 
7292, on brass No* 7390. 

Fubmary 26th (13) Cloudy sky with north wind. 

„ 37th (3) Clear sky, strong northerly wind. 

,, „ (5) Sky partially overcast. 


* Ip original record 171-4 



CAPE COMORIN BASE-LINE. 


Freliminary results of the eomyansons of the compensation bars Aj B, C, E, II, with the 
Standard before and after the Mh measurement. Brass components East. 



Preliminary excess of bars OTor Standard at 62 ® Falirenlieit, ^ emperatiires of 
in division of El micrometer, 1 division = 1*277 of A of B 


62 ® + T^ 

H Mean 'd'emp: excess of 
/■^if\ of brass iron over 
J bar. brass. 


Remab kb 



6 44 A.M. 

7 16 


7 42 


8 9 


8 38 

1 

9 L3 

9 38 

23 

VH 

10 8 


10 37 


11 10 


II 38 

yS 

0 10 P.M. 

> 

0 40 


^ 9 


6 42 A.M. 


1 78-9 

2 80-5 

3 82'2 

4 84-0 

5 S57 

6 87-4 

7 88'4 

8 89-8 

9 91*5 

10 947 

11 95-1 

95’3 

13 92-6 

14 92'8 

15 927 

16 92'3 

17 9i‘i 

18 90'2 

19 89-9 

20 89*9 

1 79*0 

2 8 o*o 


80-55 

8 o ’37 

80*39 

80*65 

8 i* 2 o 

82*03 

8^75 
83 73 
8477 

86 - o 8 

87- 44 

88- 91 

89- 99 

90M'; 

9 1 00 
9 1 ‘30 
91-49 

9173 

91-41 

91-26 



7 

38 

3 

8 1 *4 

80-14 


8 

7 

4 

83-3 

80-41 


8 

37 

5 

8.5-8 

80-95 


9 

8 

6 

87-9 

81-73 

0 

b. 

9 

38 

7 

89-3 

82-69 


lO 

7 

8 

89-7 

83-76 

|JC} 

lo 

37 

9 

90’3 

84-86 

-p 

0 

II 

12 

10 

91-4 

86-07 

rH 

ai 

38 

II 

93-2 

87-10 

rfi 

o 

9 P.M. 

12 

93 ' 0 

88*22 


o 

39 

13 

92-4 

89.07 

t> 

I 

10 

14 

92-6 

89-60 


I 

40 

15 

92-5 

89-97 


a 

10 

16 

91-4 

90-25 


2. 

40 

J7 

89*2 

9°'33 


3 

9 

18 

87-6 

90-17 


3 

39 

19 

87-2 

89-81 


4 

10 

20 

85'9 

89-40 

Mean of 4i days corapari- 1 
sons. 1 

85-38 


166-4 

160-0 

164-9 

1.56-8 

150-4 

138- 0 

139- 0 
134-1 
141-6 
146-6 


I r 7’8 

130-4 

I 35'3 
140-6 
X 4 ^ 4 
755 9 
L59'3 
164-8 

n 7'3 

lyz-g 

184-8 

184-5 

183-9 


^ 57-8 

^ 37-4 

164-0 

173*4 

1 8o-_3 
184-0 
190-9 
189-0 


206- 7 

200- 1 

204- 5 
189*2 
183-1 
180-8 
177-8 
179-7 
176*2 
179-6 
187-1 
i960 

207- 1 

217-0 

228- 6 

229- 5 
236-2 

242- 7 

243 - 9 

244- 2 

207-4 

2 o 6-8 

205- 1 

194-3 

187- 0 
183-7 
I 7 < 5-5 

175-7 

188- a 

198-8 

201- 6 

2 1 2- 1 
216-2 
221-7 
. 226-4 

23 5 -<5 
333-8 
243-3 

236-6 

238-4 


351*4 

236*4 

241-9 

232-7 

227-1 

219-9 

218-9 

220*2 


249-0 

2.56-2 

264-3 

272-7 

269-6 

280-2 

287-9 

284-3 

291*0 


243-6 

239-7 

229-8 

229-8 

225-7 

22.5-9 

238*2 

241-7 

246*0 

253-3 

25^-3 

269-5 

268*0 

277-9 

276-9 

280-7 

284-9 

284-5 


180*6 

179- 2 
178-7 
176-4 
161*5 
165-6 
165-1 
167-6 
167-9 

180- 6 
182*7 
206-4 
191-2 
211*2 
3 I 5‘3 
210*9 
218*6 

226- 4 
226*1 

227- 9 


224-6 

228-8 

232-1 

231-7 


185-2 
181-9 
181-1 
171-9 
i6x-2 
1 54 ' I 
164-0 

i 6 i '6 

164*1 

167-5 

171-2 

184-3 

190*6 

195-8 

204*6 

200'9 

aii’o 

2i6*6 

211*2 

215*1 


222 7 
222*6 
228*0 
226*5 
225-9 


187*2 

178*1 

t69*6 

163- 7 

164- 9 
16.5-2 
166-4 

173-5 

176- 4 
190-6 
194-8 
205-1 
213*1 
211*3 
220*4 
226*8 
226*5 
228*!5 

jgri 

194-6 

188- 5 
182-5 
172-3 
172-0 
166-4 
166-4 

177- 1 
186-2 

189- 4 
i 95‘3 

202’I 
2 o 8’2 
21 r ‘4 
221*0 
220*0 
227*5 
227*9 
227*1 


82-33 

81-97 

81- 98 

82- 32 

83- 07 

84- 17 

85- 11 

86- 26 

87- 46 

88- 8i 

90- 10 

91- 49 

92- 51 

9^*79 

93- 05 

93-18 

93-^7 

93-16 
92 '9 2 
92*64 

Sx’^S 

81*36 

8 x *44 

82*01 

82-97 

84-22 

85 '<53 

86-98 

88- 07 

89- 32 

90*20 

91-32 

91-91 

91-89 

91-85 

91-76 

91-51 

91*08 

90- 50 

89-92 


4- -01 


Capt. Basevi at K. 
„ Braufill at L. 


Observors chang- 
ed places. 


Capt.Horschel at K. 
Lt. Rogoi*H at L. 


•09 
4. "07 
■20 

-32 

*39 

■47 

- 5^5 

+ -09 
•06 


-49 

•70 

-83 

•88 

•68 

•38 

■30 

*24 

•12 

+ -05 

•09 

•16 


Observors chang- 
ed places. 


Lt. Rogers, at K. 
Capt. Basevi at L. 


Observors clmng- 
od places. 


Capt.BranmiatK, 
„ HerschelatL. 


Observers chang- 
ed places. 


i. 1 05-38 154-3 i 68-2 208-8 253-4 199-4 191-6 195-8 87-00 — -oJ 

March loth (2) Early morning cloudy 5 afterwards finer; many cumuli, slight north wind. 
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Referring to section 3 of Chapter VII, and adopting the symbols there exployed, it will 
be seen that the normal excess of the length of a compensation bar over that of the standard 
at the temperature of 62,° F. as determined from comparisons at any other temperatures, is 


= B' - A' - - ic ',) « ^ T, + (S'. - ^E'J T. 

For convenience, the relations of the compensation bars to the standard were expressed, in the 
first instance, in divisions of K, one of the two micrometers which were used in makino* the 
comparisons ; thus = e'.- = 1774 K-divisions ; and = o-68 division = dd- by assump- 
tion. The value of the quantity m {m—n) which is dependent on the distances of the com- 
pensation points from the bars, was taken as 2-9. Thus if x is put for the normal excess of any 
one of the bars, as B, over the standard, in K-divisions, we have 






-h 2-9 t de'. 


The numerical values of the term within the brackets — which term is expressed by the 
symbol x” for bar B and by the symbol X" for the mean of all the bars, in the investigations in. 
Chapter VIII — are given for every comparison of each bar and of the mean of the bars, with 
the standard, in the preceding tables ; the values of t are also given, and those of and T5 may 
be obtained by subtracting 62® from the given temperatures of the standard and of the brass 
component of bar B thus, with the exception of 1 , all the data are forthcoming for obtaining a 
value of X from eacli of the comparisons. Before proceeding further it was therefore necessary 
to determine the value of v from the comparisons of compensation bar B with the standard. 

This has been done in the manner indicated in section 4 of Chapter VIII; putting x' = 
x" — 51 '4 1, we get 


z= x' — V — 

in which form the eight following values of x, 

(T. - i-9 i) 

obtained from the means of the eroi 

parisons before and after each measurement of the base, are expressed. 


Comparisons 

I 

1, and I 

2 , 

X = i6o'8 — l8‘I rj — 

167 dE' 


I 

3, and I 

4, 

X = 1627 - ai7„ - 

i9’o 

39 

II 

1, and II 

2 , 

X — l66‘6 — 22'2„ — 

2r2 „ 

53 

II 

3, and II 

4, 

= 170-8 - 23-4,, - 

a27 „ 

93 

III 

1, and III 

2 , 

^ = 171-9 - 23-1 „ ~ 


93 

III 

3, and III 

4, 

^ = I7V5 - 2-2-8,, - 

22-6 „ 

39 

IV 

1, and IV 

2 , 

= 170-5 - 23-9,, - 

22*8 „ 

93 

IV 

3, and IV 

4, 

X = 174-3 - 26-1 „ — 

24-4 „ 


Eliminating x from each of the primary equations, by it’s value for the group to which it 
appertains, and proceeding by the method of minimum squares, the eight normal equations in 17 
which are given at page (67) were determined, whence finally ri = 075 K-divisions. 

Having determined the value of v, the next step is to determine the normal excess of the 
mean of all the compensation bars over the standard, treating bar B as a representative of all the 
others; this process has been fully described in section 5 of Chapter VIII, which should be 
referred to for all particulars. 
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The numerical values of X!\ X' and X, are given in the following table for every com- 
parison, as expressed in K-divisions, 

Brass Oo mp orient s West. 


•h * 

0 

Comparison I, 1 

Comparison I, 3 

Comparison I, 3 

Comparison I, 4 

•« ^ 

0 A 

i 

l2i S 

X" 

X' 

X 

X" 

X' 

X 

X' 

X' 

X 

X" 

X' 

X 

S 

8 


187-3 

186-3 

169-3 

184-5 

181-4 

164-6 

l8iJ-2 

i8o-i 

158-5 

1874 

182-3 

160-3 

I 

2 

ipo'^ 

188-5 

170-9 

183-2 

177-0 

, 160-1 

188-9 

184-8 

163-0 

191-8 

187-2 

1615-4 

2 

3 

187-3 

183-9 

165-2 

185-5 

178-8 

161-6 

190*1 

183-9 

i6i*6 

192*1 

187-0 

165-2 

3 

4 

19 1 ’3 

184*6 

165-2 

187-7 

180-0 

162-2 

194-8 

185-0 

162-3 

197-6 

187-8 

i6C0 

4 

5 

1967 

184-4 

163-8 

197-6 

184*2 

165-6 

202 *0 

189*1 

165-7 

203*6 

191-8 

169-3 


6 

200*0 

iSo’o 

158-1 

202‘3 

185-3 

165-8 

209-1 

187-5 

163-2 

206*2 

190*3 

166-9 

6 

7 

206-5 

1844 

160*8 

205*2 

186*2 

165-8 

216*3 

187-0 

i6i-8 

213*0 

191-4 

167-3 

1 

8 

207-4 

184-8 

159-8 

206-8 

191-8 

168-3 

2t8-I 

183-7 

157-3 

218-3 

190*0 

165-1 

8 

9 

204-7 

184-7 

157-5 

210*7 

189-7 

165-2 

221*3 

185-3 

157-4 

221*9 

189-0 

163-0 

9 

10 

207-5 

188-0 

J 59-5 

212-8 

191-8 

i' 55-9 

222*9 

187-9 

158-5 

223-8 

189-4 

162*1 

10 

II 

205-7 

186-2 

156-8 

209-7 

188-7 

161-4 

220*9 

188-0 

157-4 

2244 

188-9 

I60-I 

IX 

12 

207-2 

190-2 

i6o-i 

209-0 

188-0 

159-6 

222-0 

193 -2 

161*3 

227-0 

193-0 

161-9 

12 : 


206-5 

188-5 

157-8 

205-8 

1848 

L^ 5 -i 

220-1 

191-8 

158-7 

228'I 

194-7 

163-3 

13 : 

^4 

2 o 6 'I 

189-1 

158-0 

205-6 

195-6 

164-2 

220-8 

190-5 

156-2 

2244 

195-1 

162-6 

14 


205-2 

i88-8 

157-3 

202-8 

192-8 

160-6 

221-4 

igi’6 

i 5 < 5-3 

224-4 

198-2 

164-3 

nr 





198-6 

193-6 

160-5 

219-1 

191-3 

155-0 

217-1 

190-9 

156-3 

nJ 

16 





198-5 

193-5 

J: 59-7 

21 6- 8 

192-1 

154-9 

218-5 

196-4 

160-7 

17 





192*9 

192-9 

^58-5 

2174 

193-2 

155-8 

3 i 8-2 

194-6 

158-5 

18 








215-5 

1934 . 

155-9 

31 6-6 

195-0 

1 58-3 

19 











313-9 

195*9 

I58-8 

30 

Means* 

2007 

i86‘2 

161-3 

200*0 

187-6 

162-5 

2II-7 

188-4 

159-0 

313-4 

1914 

i6a-8 



B rass Co mp onents East. 


'S A 

6 1 

Comparison II, 1 

Comparison II, 2 

Comparison II, 3 

CoTnpm'ison 11, 4 

*0 A 

X" 

X' 

X 

X" 

X' 

X 

X" 

X' 

X 

yti 

j\. 

X' 

X 

6 i 

I 

187-0 

186-5 

163-1 

189-7 

182*0 

15 7-1 

1S4-1 

182-0 

157*9 

184-6 

178-9 

155-9 

X 

2 

185-6 

i86-6 

i< 53-5 

1S9-8 

186*2 

i6i-6 

182-1; 

183*5 

159-6 

185-7 

184-2 

161-4 

2 

3 

185-9 

IpO’O 

t66'6 

188-3 

i86-8 

162-6 

178-5 

i8i-6 

157*6 

183-4 

185-5 

163-8 

3 

4 

4 

187-8 

191-4 

i68-o 

184-4 

185-9 

161-5 

169-8 

179-1 

154*5 

175*1 

183-3 

!’')(/! 

5 

182-7 

1848 

160-6 

183-9 

190-1 

165-1 

164-4 

183-4 

156-5 

172-9 

1 86'^ 

162-r 

5 

6 

6 

183-0 

i86-6 

161-3 

177-6 

187-4 

161-4 

163-4 

190*1 

162*6 

170*4 

188-4 

162*9 

7 

184-4 

189-5' 

163-9 

178-4 

189-7 

162-7 

159-4 

189-7 

i6o*8 

172-8 

194-4 

167-5 

7 

8 

184-8 

191*0 

163-1 

179-3 

191*1 

163-8 

159-8 

193-7 

162-5 

16 B-J 

193-4 

164-7 

8 

9 

187-0 

195-7 

1 66-3 

181-0 

193-3 

163-1 

164-2 

194*0 

162*0 

165-4 

1937 

163-0 

9 

10 

183-2 

196*6 

165-5 

183-5 

195-3 

164-5 

171-8 

197-0 

163-5 

170-5 

200*3 

167-5 

10 

XI 

183-2 

198-6 

165-9 

183-5 

194*3 

161-9 

175-3 

200*5 

165*2 

167-8 

198-6 

163-7 

II : 

12 

184-0 

200-4 

1 66- 1 

189-2 

197*9 

164-3 

i8o-o 

202*6 

165-8 

164-9 

173-0 

201-8 

164-9 

12 ; 

^3 

190-1 

200-9 

165-5 

190-7 

200*0 

164-6 

184-1 

203*1 

182-7 

204-3 

166-1 

13 

14 

195-7 

ipS’S 

163-3 

200*7 

200*7 

164-3 

186-3 

201*7 

162-6 

188-5 

201-4 

162-7 

14 

15 

203-7 

ipS'o 

160-6 

f 202*j 

196*8 

i6o-i 

193*9 

204*7 

164-9 

192-8 

203*1 

163-7 

XK 

16 

309-7 

200-4 

163-4 

210*6 

202*4 

165*7 

301-3 

206*3 

i66-o 

195-3 

200-4 

160-4 

s.f 

16 

17 

f 305-8 

19 1 -9 

153-0 

^03 ‘S 

194*2 

157-6 

305*8 

^04*3 

163-8 

»o 5-5 

203-4 

163*2 

17 

18 

315-1 

197-6 

158-3 

211*2 

198-3 

161-9 

310-3 

203*6 

162-9 

212-8 

2 o6-6 

166-5 

18 

xp 

20 

322-7 

200*6 

i6o-8 

214*0 

214*8 

197-6 

194-2 

161-4 

158-5 

314-8 

217-0 

202*5 

200*6 

‘161-8 

159-9 

216-9 

218-3 

2o5-i 

202-9 

i66-i 

163-2 

19 

20 

Means. 

192-7 

194-0 

162*9 

193-8 

193-2 

163-1 

183*3 

195*1 

161-8 

185-2 

195-8 

163*4 










BAR LENGTHS 


X. 


Brass Components West. 


‘15 


^ ■ 

0 ^ 

Comparison 

HI, 1 

Comparisoti III, 2 

6 3 

X" 

X' 

X 

X" 

X' 

X 

I 

i 89-,5 

183-1 

157-0 

199-0 

187-7 

162-3 

a 

189*4 

1S3-7 

157-0 

197-1 

1 86-8 

161-9 

3 

193-.5 

1 86- 1 

i6o-2 

i 94'5 

184-7 

160-5 

4 

195* I 

190-0 

163 '5 

> 95*5 

187-8 

16.5 -6 

5 

199-8 

193-6 

165-3 

194-4 

i88-2 

163-4 

6 

200'5 

191-8 

163*3 

i(j4-i 

189-0 

164-0 

7 

204-7 

191-8 

162-4 

193-8 

189-7 

16.5-8 

8 

205*3 

195-0 

164*2 

196-8 

195*3 

i68'2 

9 

20,5-5 

196-3 

164-1 

193-0 

^ 94*5 

i66-o 

10 

^05*7 

202 '6 

168-9 

190*5 

194-1 

164-6 

II 

201-3 

202’3 

167 •3 

192-1 

iqB '3 

167-6 

I a 

198-6 

203 '8 

169-5 

190-2 

200-5 

168-5 


^ 94*5 

209*4 

I 7 r 9 

182-7 

199-7 

166-2 

14 

188-2 

203*2 

i66-8 

180-3 

200-3 

165-2 

15 

186-9 

208*3 

169-0 

i 79 'o 

201-6 

I <^ 5*3 

16“ 

186-5 

203*8 

165-6 

i8r-i 

202-2 

165*1 

17 

188-3 

207*3 

16(5-4 

186-8 

202'2 

I < 54 * 7 

18 

190*3 

209*3 

167-9 

193-2 

207-1 

1690 


192-7 

2,n*7 

170-1 

193-0 

206-4 

167-8 

20 

^« 9*3 

209*9 

167-9 

194-6 

206-4 

167-7 

Mmm* 

■' 95 -I 

199-4 

165-4 

191*1 

196-1 

I <>5 *3 1 


Comparison III, 4 

0 Ph 

X" 

X' 

X 

^r^ § 

190-7 

188-1 

164-7 

I 

192-6 

190-0 

i66-8 

2 

190-8 

188-2 

165-0 

3 

192-8 

191-8 

1 68- 1 

4 

193-2 

191-7 

i' 57'5 

5 

194-7 

194-2 

168-9 

6 

193*4 

i 9<5*5 

170-0 

7 

192*1 

202*9 

174-8 

8 

185*0 

198-4 

169-1 

9 

185-4 

203*4 

172-4 

10 

181-7 

204-3 

171-5 

II 

179-7 

208-5 

173-8 

la 

183-8 

2 i6-’7 

i8o-6 

13 

i8x-2 

215-6 

178-1 

14 

182-0 

2 i8'0 

179-0 

15 

1 88-0 

223-0 

i 8.5-3 

16 

183-0 

219-0 

178-6 

17 

183-7 

218-1 

177-2 

18 

i86-o 

225-6 

184-0 

19 

182-3 

222-4 

i8o*5 

20 

187-1 

205-8 

173*7 

, 


Coiaparison III, 3 


X" 


X' 


X 


1907 

188-6 


184- 9 

185- 2 

184-5 

18.5.9 

179-8 

J'77'4 

181*4 

178-7 

178-2 

J 78'5 

i 79‘3 

i88-o 


186- 1 
1 8 , 5 '5 

187- 4 
184-4 


1 88 - 6 

187-6 

185-9 

187-0 

189- 8 

^ 9 S '3 

196-2 

m 3 
202-x 
209-7 
207-5 
211. 1 
212-4 
212-7 
220-4 
214-6 
218-5 
216-4 

22.5-4 

218-8 


16,5-1 
162- 1 
160-6 
i6r6 
164-2 

169- 0 
1 68 -9 

170- 5 
171.3 

177- 7 

174- 1 
176-0 

176- 0 

174*9 

181- 5 

175- 0 

178- ,5 

175-6 

182- 1 

177- 6 


18.5-6 204-9 172-0 


Brass Components East 


*0 i 

' ' ■' 

Com|)ari«(;;)ii IV, 1 

Cotnparison 

I V, 2 

CoinpnriHon IV, 3 

Gojn|>ariBOii 

IV, <1. 

A 

0 s 

s 

X" 

X' 

X 

X" 

X' 

X 

X" 

X' 

X 

X" 

X' 

X 

6 1 

8 

1 

188-7 

i 88*2 

162-3 

196-2 

197-2 

169-9 

189-8 

iS 9*3 

161-5 

193*1 

188-5 

i6r6 

I 

2 

19^*3 

191*8 

166-3 

193*7 

192-7 

i^> 5*5 

184-5 

187-1 

159*5 

194-6 

191*5 

164-7 

2 

3 

18.5-9 

i 88'5 

162-9 

194*4 

193-9 

167-1 

187-2 

1929 

165*2 

188-7 

190-6 

163-6 


4 

186-5 

193-2 

167-2 

190*8 

193*4 

i 66-2 

178-1 

189-4 

i 6 i '2 

i82-'5 

195*4 

167-4 


5 

184-9 

191*6 

165-1 

192*9 

195*5 

167-9 

169-6 

189-1 

159*5 

17.3*3 

197*5 

167-8 

•T 1 

6 

182-0 

191*8 

164-4 

189*2 

191-8 

i<53*5 

163-7 

IQO'Q 

1.159-6 

172*0 

208*0 

176-5 

6 

7 

182-2 

192*5 

164-3 

189-8 

195*5 

166-2 

164-9 

195*^ 

162-6 

166-4 

209-1 

175-7 

1 

8 

179*7 

192*0 

162-7 

187-2 

196*5 


165-2 

199*1 

164-8 

166-4 

211-6 

176-3 

i 

8 

9 

179-8 

194*2 

163-7 

189*0 

197*7 

165-4 

166-4 

199*3 

163-4 

177-1 

2 X 2*1 

175*6 

0 

10 

181-4 

196-8 

164-9 

193*9 

201*1 

167-2 

173*5 

201-8 

164.2 

i 86*2 

205-7 

i 68-2 

y 

10 

II 

184*5 

200*9 

167.6 

195*3 

199*4 

164*0 

176-4 

199*0 

159*7 

189*4 

204-8 

165-9, 

II 

22 

188-5 

199-8 

165*0 

199*2 

198*7 

i 6 i ’9 

190-6 

305*5 

164-5 

195*3 

207-6 

i 67*.3 

12 

13 

192-7 

201-4 

i< 55*3 

202*7 

200*6 

162*7 

194-8 

203 '0 

i6o-8 

202*1 

208-8 

167*7 


14 

198-3 

202-9 

165-8 

204*5 

202-4 

163-7 

205-1 

209-7 

167-0 

208*2 

305-6 

164-5 . 

**■*5 

^5 

202-2 

202-7 

164-7 

208-3 

2 o 6'8 

167*0 

213-X 

309*5 

1 66-6 

211*4 

206.8 

165-6 

I < 

1(5 

207-9 

204-8 

165-8 

211*2 

208*1 

167-1 

211-3 

201'0 

158-1 

22ro 

ai2-8 

' 171*5 

16 

17 

2 I 2 -I 

207-0 

167-3 

2x3-1 

ao8*o 

1 66- 2 

220-4 

204-0 

i6i-o 

220*0 

266-1 

165-3 


18 

217*5 

208-8 

168-5: 

219-0 

212-3 

169-8 

226-8 

206.8 

164-1 

227-5 

204-9 

16^8 

A / 

18 

19 

222*2 

209-9 

169-3 

221- 1 

209-3 

166*6 

226-5 

202-3 

160-0 

227-9 

200*1 

160-9 

1 10 

20 

222*0 

206-1 

165-4 

227-6 

208-6 

166-0 

228-6 

199-8 

158-0 

227-1 

195*7 

157*4 

1 19 
\ 20 ■ 





201*0 

200-5 

166*0 

191-8 

198-7 

162*1 

i 9 ' 5;5 

203*2 

167-4 






X, 


CAPE COMORIN BASE-LINE. 


i6 

The relative lengths of each har to the mean of all the bars are given in the following 
table : — 


Comparisons I, 1 — L 


In terms of 

1 

A-L 

B-L C-L 

D-L 

E-L 

H-L 

Micrometer divisions. 

-437 

— a6*i +i5‘a 

+ 6 o' 2 f 


-5*9 

Milliontlis of a yard. 

_55-8 

-33‘3 +i9‘4 

-1-76 '9 

4-5'2 

-7*5 

Comparisons II, 1 — 4 . 

Micrometer divisions. 

—40-5 

-25-8 4-13-3 

4-54-9 

4-0-8 

-3-0 

Millionths of a yard. 

-51-8 

-32-9 +iro 

-f- T'o'i 

-l-I-O 

-3*8 

Comparisons III, 1 — 4 . 

Micrometer divisions. 

-43-8 

— a7'8 4-ia'8 

4-58-9 

+S '5 

-3*5 

Millionths of a yard. 

-55’9 

-35*5 +16-3 

4-75-2 

4-4-5 

-4*5 

Comparisons IV, 1 — 4 . 

Micrometer divisions. 

-41-5 

— % p 6 4 'i 3 'o 

+57-6 

4-3-6 

—4-2 

Millionths of a yard. 

-53‘o 

—35*3 +i 6‘6 

4-73-6 

4-4-6 

-5*4 

Mean of the four groups of Comparisons. 

Micrometer divisions. 

— 4 a ‘4 

— 26-8 +137 

+57-9 

4-3-0 

*—4’^ 

MilliontRs of a yard. 

-54-1 

-34-a -M7-3 

+ 73’9 

4-3*8 

-5*4 


The only partial set of bars in each measurement occurs at the terminal point S, where 
the bars employed were A, B, and H. Since, on an average, A = L— 54-i,B = L — 34*2 
and H = L — 5*4, we have 


A 4- B -j- H = 3 L — (93*7 m.y ■= *0003 of (it foot) 

therefore — •0001 is the correction to be applied to the actual mean lengths of all six bars at 
page ( 73 ) to deduce the corresponding mean length of the three bars in question, see page ( 76 )* 





MICROSCOPE COMPARISONS. 


X. 


Comparisons between the Compensated Microscopes and the Q-inch brass soaks during the 
four measurements, and determination of microscope errors with respect to of 
Standard A, expressed in millionths of an inch (m. i.) 


When compared 


„ IGtli 

After set No. G9 „ 19tli 


s ^ 


Before 1 st mea- J an. 1 3tlx 
siiremcut* 


S 

o 




-J -1544 

iciS 

1488 

J 53 t 

1582. 

1544 

1394 

+ ^525 


Microscope 

Microscope Scale 

Obsorved valno in 
terms of 

Divisions m,i. 


+ x-x 
"" 37 


Errors of side telescope. 


+ 30-3 

— 4 ’o 

0*0 



After 1st mea- 
suremeut. 


23rd W 
M. 
0 
N 
U 
S 
V 


Before 2nd mea- „ 30th 

surement. „ 29th 

„ 30tli 
„ 29th 


After set No. 75 Feb. 4th 


After 2nd mea- 
siiroment. 


4-1744 

161:6 

17.38 

1769 

17.38 

i 7<53 

1707 

+ 17.31 

3 4 . 5<5 
1700 
1319 
1288 
1782 
■ x6o6 

+ 17^5 

1838 

15.50 

1569 

1625 

1600 

1663 

-1-1488 

X388 

1663 

1500 

1569 

1444 

1431 


1 division of V micrometer = dOlO (m.L) 

1 ,1 W „ = 40*29 (mJ,) 

For the micrometers of all the other fioalesi i diyision 



+ 29^0 

— 6*2 
9-8 

J. 3’5 

1 5 ’2 

25-6 

- .37 
+ . 34’4 
— 11-3 

<5-3 
8-5 
67 
-f- 6'x 

O'O 

■4-267 

- 97 

X 4 -I 

i 3 'o 

37 

+ 12-9 

4 - 4-3 

317 

— x 6’2 

10-5 

9'9 

5'3 

+ 15-5 


lOO'OO (m.i.) 


922 

-4-0 31 

+ 0 46 

6x9 

-0 30 

- 0 34 

163 

+ I 12 

0 0 

432 

— 2 0 

+ 0 17 

561 

"i“ 0 9 

— 0 15 

036 

I ^4 

+ 0 43 








T „ CAPE COMORIN RASE-LTNE. 

i8 

Comparisons letween the Compensated Microscopes and the Q-inch brass scales — (Continued.) 


When compared 

1869 

Microscope 

Scale compared with 

Corrected tempera- 
ture 

S 3 g 

^ to 

0 ^ 

5 'g 11 
§ gm 

11 >' 

Microscope 

Microscope Scale 

< 

1 ^ 

W. ZD 

i ^ 

1 

tfH 

a 

< . 

"IS -p 

1 

1 0 

.. 

0 -e 

U 03 

0 

''i 

1 

Errors of side telescope. 

Collimation 

Parallelism 

Observed valu^in 
terms of 

Divisions 


Before 3 rd mea- 

Feb. 14 th 

If 

If 

Sg-6 

-4-1735 

+27-5 

■4-1109 

- 47 

+ 2787 



surement. 



ir 

T 

937 

1919 

— 12*4 

— 1240 

xx8 

661 



After set No. 70 


18 th 

w 

If 

94'8 

+ 2050 

+ *9-5 

+ 785 

- 47 

+ 2789 


/ <// 

4-1 8 




N 

S 

94-6 

2038 

- .3-2 

— -320 

+ 4 

1722 


I 51 




0 

M 

9.5-9 

21 19 

15-3 

1530 

122 

7 ” 


0 21 




lY 

T 

95-(5 

2100 

x6-8 

1680 

- x8 

402 


-0 57 




u 

T 

94-4 

2025 

20*0 

2000 

18 

7 


4-0 .34 




M 

31 

96-3 

2x38 

^'3 

830 

+ J22 

1430 


2 13 




Y 

f 

95-9 

21X9 

O'O 

0 

-133 

1986 


— 0 xp 

AftersetNo.il 6 


21st 

w 

W 

8o’4 

4-1150 

+67-8 

+2733 

- 47 

+ 3835 






If 

If 

85-9 

X 494 

12-8 

51*5 

47 

195.3 



After 3 rd mea- 

0 

23 rd 

If 

If 

8 ( 5-9 

+ 155*5 

+ 7-5 

+ 30a 

— 47 

-f 1811 

/ // 

— 0 20 

— -0 41 

surement. 



s 

S 

88-9 

i( 58 r 

~ i-y 

- 170 

+ 4 

I 5 A 5 

+0 53 





0 

3f 

87-9 

16x9 

tx‘6 

1160 

122 

<;8x 

0 39 

ct> 

a 




N 

T 

8 ( 5-3 

15 >9 

6-4 

640 

- 18 

861 

— I 20 

a 




u 

T 

87-1 

15^9 

19-7 

1970 

18 

- 419 

+ X 10 

ai 

X 




31 

N 

87-4 

1587 

3-4 

340 

4 - 123 

4-1.359 

2 50 

0 




r 

y 

869 

i 55<5 

-h 18-3 

+ 7219 

-133 

2152 

0 10 


Before 4 th do. 

11 

27 th 

If 

If 

87-4 

4-1587 

+ 41-4 

•f 1669 

- 47 

4-3209 



After set No. 72 

Mar. 

4 th 

If 

If 

91-7 

4-185(5 

4-38-5 

4-1149 

- 47 

4-2958 


+ i 31 




s 

8 

91-8 

1863 

- 3-9 

— 390 

4- 4 

1577 

§ 

0 22 




0 

M 

88-9 

j68i 

12-4 

1240 

122 

553 

■3 

0 0 




N 

T 

88-5 

1656 

ix-6 

1 160 

- 18 

478 

H 

+ 5 ^9 




u 

T 

90-4 

1775 

23-3 

3330 

18 

- 473 

a> 

X 18 




M 

3{ 

91-6 

1850 

+ 19-3 

+ 1930 

-f 122 

4-3902 

4.3 

0 

0 26 




r 

V 

95-9 

31 19 

1-4 

55 

-133 

2042 

A 

0 8 

AftersetNo, 134 

n 

7 th 

T 

T 

86-4 

+ 15*^5 

- 8-8 

1 

00 

CO 

0 

- 18 

-1- 627 



After 4 tli mea- 

17 

8 th 

w 

If 

94-9 

4-205(5 

+ 23-9 

+ 9*53 

- 47 

-t- 2972 

-0 25 

+ 2 17 

surement. 



s 

aS’ 

93-6 

^975 

- 5-0 

- 500 

+ 4 

1479 

+ i 43 

0 32 




0 

M 

9 . 3-5 

1969 

x 5-(5 

1560 

132 

531 

-0 8 

— 0 48 




T 

T 

91-3 

1835 

7-0 

700 

- 18 

1x07 

0 10 

+ 0 7 




u 

T 

91-7 

1856 

30-5 

2050 

x8 

— 212 

-fl 20 

X 3 




31 

M 

91-3 

J832 

+ 187 

+ 1870 

•4-122 

+3824 

-0 53 

0 0 




Y 1 

V 

93-8 

1925 

- 0-9 

- 35 

-133 

1756 

0 10 

0 15 1 


The “Error of Oollimation” was in all eases deternuned by Gauss’ metliod, the amount of error being measured by one of the two 
tlieodolites. 

The “Error of Parallelism” was found by means of a scale attached to the liorns of tlie Boning instrument, w'biob was read by the side 
telescope both ‘‘ out” and “ in”, the bar dots being intersected in each j)osition by the microscope. 

The reading of the scale corresponding to centre of telescope of Boning instrument, Le. the line of the dots, was known, =* d suppose ; 
the i" distance between the optical axis of side telescope in both positions ~ a, c *= eiiect of error of collimation on scale, jp =* eliectof error 
of parallelism, then 

scale reading (telescope “in”) ~ + e + jp 

„ ( „ “out”) « d: - - a -f j? 

Sum of readings ~2d 4* 2jp 
whence 

jp = i sum — cJ. 

The angular ralue of p is obtained by di?idingby the distance of the microscope from Boning instrument expressed in dirWons of 
the scale multiplied by Sin 1'', 
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Hoct. — ^T he numbeis written below tbe mean T^n^ tbns (1) (2) &o., are tbe ** reference numbers” hj wbicb tbe adopted microscope errors 
(and temperatm^s) are indicated in ttie equations on page 31 












X. 


" 2,0 


CAPE COMORIN BASE-LINE. 

The equations which determine the microscope errors per set (or m.e) are the following 

Measurement I 




M^erence numbers. 

m.i, ^ ^ 

6078 at (62 + 2j'4) 






I 4. 

7 + 8 

2 + 4 + ^ + 0 + * — 

applicable to sets Nos. 

1 to 

37 

(«*e-)a = 

I + 

2+3 + 4+ 6 + 

= 5560 at (62 + 25*5) 

jj 

77 

38 to 

43 

(m.e.) 3 = 

I + 

2 + 3 + 4+ 6 + - ^ 

2r 

= 6351 at (62 + 25-6) 

?> 

77 

44 to 141 

(m.e.) 4 = 

I + 

, 7 + 9 

3+ ^ 

= 3755 at (62 4 - 25-5) 

?> 

set No. 

142 




Measurement II 





5 = 

+ 16 + — — 

= 5084 at (62 4- ^5-7) 

ji 

77 

I 


(m.e.) 8 = 

10 + II + la + 14 + 16 + — 

2 

— 7135 at (62 4 - 25-0) 


sets Nos. 

2 to 

142 



Measurement III 





II 

^ 22 + 2^? 
17 + 18 + 19 “h 2^0 + 21 + ^ 

= 6983 at (62 4- 29-3) 

p) 

77 

I to 

116 

11 

00 

^ 22 + 24 

17 + 18 + 19 4“ 20 + 21 -4 

= 6358 at (62 + 39-1) 

j? 

77 

117 to 141 

(m.e.) a = 

22 + 24 

19 + 20 + 

2 

= 4243 at (62 + 28-9) 

?? 

sot No. 

142 




Measurement IV 





(m.e.)io = 

,7 + ,8 + 

= 4548 at (62 + 30-3) 

7f 

77 

I 


(m.e)n = 

35 -f 26 -f 37 + a8 -J- 30 + 

= 8546 at (62 4- 29-3) 

?} 

sets Nos. 

2 to 

97 

(«t.e.)i 3 = 

35 + 27 -f- 28 -f 29 4 - 30 4 - ---- 

2 

= 8935 at (62 + 294) 

J 9 

77 

98 to 142 


Hence the total microscope errors are as follows, 
Measurement I 




feet of 

In Section N X = 35 {m.e\ = 313730 — 6 x 35 x 35-4 dE = 313730 — 5334 dE = 0-0177 — 5334 dE 


r 3(m.c)i=: 13155 — 6 X 2 X 2 S' 4 dE— 13155— 305 

« XY='^ 6(m.e)2= 33360 — 5 x 6x2^-$dE— 33360— 918 

1^37 (m.e)8 = 171477 — 5 X 37 X 2^-6 dE = 171477 — 4147 


dE 
dE 

71477 - 4147 dE 


316993 — 5370 dE — o-oi8i — 5370 dE 


n 


i »> 


YZ 


35 (»»•«) 8 = 32*285 - 6 X 35 X 35-6 dE = 333385 - 5376 dE = 0-0185 ~ 5376 dE 


2S _/3^ (»»-«)s = 238636 - 6 X 36 X 35-6 = 338636 - 5530 

~ \ I (m.e)^ = 3755 - 3 X IX 35-5 dE = 3755 - 77 


332391 “ 5^07 dE = 0-0194 - 5607 



MICROSCOPE COMPARISONS. 


X 


Total microscope errors — (Continued.) 


a I 


Measurement II 


In Section S Z 


f 1 (m.e)5 = 5084 — 
^36 (m.e)g = 256860 — 


3 X I X 357 dE = 5084 - 77 dE 
6 X 36 X 35-0 atJE = 356860 — 5400 dE 


361944 — 5477 dE = 0-031 8 — 5477 dE 


^ ^ 35 ~ H9725 ~ 6 X 35 X 35-0 = 349735 — 5350 dE = 0-0308 — 5350 dE 

„ Y X = 35 (m.e)g = 3497*5 — x 35 x 35-0 dE = 349735 — 5350 = 0-0308 — 5350 


X N = 35 (m.e)Q = 349735 - 6 X 35 X 35*0 dE = 3497*5 ~ 5 * 5 o dE = 0-0308 - 5350 dE 


Measurement III 

In Section N X = 35 (m.e)^ = 344405 - 6 x 35 x 39-3 dE = 344405 - 6153 dE = 0-0304 - 6153 dE 


„ X Y = 35 {m.e)^ = 344405 - 6 x 35 X 39-3 dE = 344405 - 61 53 = 0-0304 - 6153 


^ ^ — 35 — *44405 ~ ^ X 35 X 39-3 dE = 344405 — 6153 = 0-0304 — 6153 


r ] I (m.e)7 = 76813 — 6 X II X 39*3 dE = 76813 — 1934 

ZS =^ 35 (w,.e)„ = 158950 — 6 X 35 X 39-1 dE = 158950 - 4365 dE 

L 1 {m.e)^ = 4343 - 3 X IX 38-9 dE = 4343 — 87 dE 


340006 — 6386 dE = 0-0300 —[6386 dE 


Measurement IV 


In Section S Z = 


f I (m.e)io = 4548 

\36 (m.e)u = 307656 


3 X IX 30-3 dE = 4548 — 91 dE 
6 X X 39-3 dE = 307656 — 6339 dE 


313304 — 6430 dE = 0*0360 — 6430 dE 


Z Y = 35 (w.e)ii = 399110 - 6 X 35 X 39-3 = 399110 - 6153 = 0-0349 — ^^53 


f 35 = 313.650 — 6 X 35 X 39-3 dE = 313650 — 4395 «?£? 

\io = 89350 — 6 X 10 X 39-4 = 89350 — 1764 dE 


303000 — 6159 dE =: 0-0353 “ <5159 dE 




X N = 35 (m.e)ii5 = 31*7*5 “ ^ X 35 X 39-4 rfJB = 31 * 7*5 - 6174 d.E = 0-0361 — 6174 dE 



CAPE COMOEIN BASE-LINE: MICEOSCOPE COMPAEISONS. 


Final deduction of the total lengths measured with the compensated microscopes- 

In the foregoing reductions, the co-eificient of expansion for brass has been taken at 
*000,010,417 ; whereas it appears from page ( 17 ) that '000,009,855 is a more probable value. 
Accepting the latter, it may be found that dE = 3'372 {m.i). Hence, remembering that the 
length measured with a complete set of microscopes is equal to 3 feet of A 4 - the correspond- 
ing {m.e) we have. 

Total lengths measured with the compensated microscopes 

Meamremmt I 

comprising 35 sets / ^ ^ ■°^ 77 ) - .5334 dE = (io5-or77 - *0015) = 105-0162 

oompSinglfseta } = x 3 + 'oiSi) - 5370 ijl = (lo^-oiSj - -ooij) = ,03-0166 

compSg“sVto } = ( 3 ^ 3 -0,85) - 3376 « = OoS'o.Ss - -00,3) = ,03-0,70 

In section ZS } \ ^ it, , 

comprising 36I sets / * * ^ ^ ^ °‘ 54 ) “ 5*507 dE = (109-5 194 - -0016) = 109-5178 

In N S ... ... ... ... ... = (424-5737 — -0061) = 434-5676 

Measurement II 

comprising ,35 sets / = ^-55 ^3 + 0308) - 5250 dE = (105-0208 - -0015) = 105-0193 

comprtsing* 35^ seta } = ^35 X 3 + -0208) - 5250 dE = (105-0308 - -00:5) == 105-0193 

compSSg 35^18 } • • (35 X 3 H -0308) -- p^odE =: (105-0308 - -0015) = 105-0193 

comprising 36I sets J (3 5 3 “t" 0^18) 5477 d/E (109 5218 — -0016) — 109-5202 

N S ... ... ... ... ... = (424’5843 — -0061) = 434-5781 

Measurement III 

} = (35 X 3 -I- -0004) - 6,33 « = (,03-0,04 - -0017) = .03-0.87 

comp, wlirsf sets | “ (33 X 3 + -0,04) - 6133 cii’ = (,03-0104 - -0017) = ,03-0187 

In section YZ l_ \ .r7Et/ 

comprising 35 sets j ^35 x 3 + -0204) - 6153 dE = (105-0204 - -0017) = 105-0187 

In section ZS 1 __ f ^ \ z: m / 

comprising 361 sets J -••••••• ( 3 ^ 5 X 3 + 0200) - 6386 dE - (109-5 300 - -0018) = 109-5182 

In NS ... ... ... ... ... ... ... ~ (424*5812 — -0069) — 424-5743 

Measurment IV 

comprising 3 5 sets } X 3 4- 0261) — 6174^-®— (i05'026i -- *0017) = 105-0244 

comprising 35 sets j ~ ' \35 X 3 + '0253) - 6159 dE = (105-0253 - -0017) = 105-0236 

In section Y Z I _ /... v. , n ^ 7r, / 

■ , comprising 35 sets J ....... (35 X 3 + 0249) ~ 0153 dE — (105-0249 -0017) = 105-0232 

In section Z S I _ / >r . , z- n .. in , 

comprising 3 6| sets J (365 X 3 + 0260) ~ 6430 dE — (109 5260 -0018) = 109-5342 

la NS ••• ... ... ,,, ,,, ,,, ,,, ~ (4246033 ■” -0069) ss 424'5954' 


In section NJX 
comprising 35 sets 
In section X Y 
comprising 35 sets 
In section Y Z 
comprising 35 sets 
In section Z S 
comprising 36I sets 

In N S 


In section N X 
comprising 35 sets 


In section X Y 

1 = 

comprising 35 sets 

i 

In section Y Z 

1 _ 

comprising 35 sets 

/ “ 

In section Z S 

( - 

comprising 36i- sets 

/ ■" 

In N S 

... 

In section N X 

1 _ 

comprising 3 5 sets 

J 

In section X Y 

i = 

comprising 35 sets 

In section Y Z 

1 _ 

, comprising 35 sets 

In section Z S 

/ 

( _ 


comprising 36I sets 

In N S ... 



CAPE COMOEIN BASE-LINE. 


X 




Extracts from the Field Book of measurement i, and calculated heights of sets alove the origin. 


^3 


Adopted heights above mean sea level. 
North-End = i35‘i feet. 
South-End = i32,-o feet. 



Section NX 


Smj, IStlx 


14 th 


X 

A, 

7 

54 A.M. 

6 

foet 

H- 2'<)0 

fm.eji 

7 .r 88 

0 

— *02 

Jany. 14 th 

19 

h , m . 

3 50 

6 

feet 

+ 7*78 


86-93 


0 

*23 

2 

9 

28 

6 

. 3 ‘58 

IJ 

7 S‘oi 

4 “ *06' 

„ 16 th 

20 

XI 52 A.M. 

6 

8*09 

}} 

76-15 

* 

‘03 

3 

u 

48 

6 

375 

1) 

8o‘I4 

*47 


21 

0 22 P.M, 

6 

8*69 

it 

77-16 

+ 

*03 

4 

o 

44 

6 

3'68 

)> 

8r42 

*45 


22 

56 

6 

8*98 

3 > 

78-39 


*^7 

5 

X 

33 

6 


>J 

8.'?-o4 

•43 


23 

I 43 

6 

9 *h 3 

>» 

7g-86 


*22 

6 

2 

30 

6 

. 8‘89 

P» 

84 ’ 2 .t 

*29 


24 

2 t8 

6 

9*90 

9 > 

80-90 


*24 

7 

3 

30 

6 

4-84 

3 ) 

85'28 

•16 


25 

2 47 

6 

10*26 

3 > 

81-83 


*22 

8 

4 

20 

6 

5 ' 4 o 


86’05 

*02 


26 

3 

6 

10*64 

)9 

82-35 


*25 

9 

7 

25 A.M. 

6 

S' 2 I 

1 ) 

7 S'f '7 

— *02 


27 

3 44 

6 

10*99 

}i 

82-71 


•26 

lo 

8 

18 

6 

5 'C >4 


75’94 

4 - *02 


28 

4 17 

6 

11*19 

»> 

82-88 


* 2 X 

ti 

9 

9 

6 

57.8 

>» 

76-85 

*14 

„ 16 th 

29 

7 7 A.K. 

6 

* 1*55 

ii 

7377 

— 

* I 

X2 

9 

52 

6 

5 '8' 


77-84 

•325 


30 

7 3 « 

6 

11*92 

>» 

737 * 

— 

• I 


II 

33 

6 

5’44 

>1 

80-93 

‘43 


31 

8 18 

6 

i 2’54 


74-06 

-- 

•04 

H 

o 

38 P.M. 

6 

(i'OO 

}> 

82-26 

•41 


32 

8 43 

6 

12*90 

»> 

74-66 

4 

•03 

*5 

X 

30 

6 

(j'JO 

1 > 

8 .V 7 .S 

*44 


33 

9 10 

6 

13*09 


75-26 


•I 1 

i6 

2 

12 

6 

TSo 

J> 

84 77 

*35 


34 

9 44 

r> 

13*32 

>» 

75-98 


*20 

X7 

2 

44 

6 

7’47 

it 

85-86 

*34 


35 

0 10 P.M. 

6 

13*09 

)» 

19’°3 


•27 

iS 

3 


6 

7'44 

n 

86-36 

•29 





— 



Mean 79*84 d- *191 


Tho rear-ond of sot No. 1 stood exactly over the dot at North-End. 

For measurements with compasses at X, see page X - 

3 ^ 

January 13th and 14th. Weather clear and bright throughout the day "with much north wind chiefly about 
noon but more or less all day. 

„ l-ltln Tlireo or four hours heavy rain this moniing followed by heavily clouded sky; opemtions 
commonced a little before noon. 


Section XY 


J any. 16 th 


18 th 


3 <> 

0 42 P.MC. 

6 

+ 14-27 

Cm.eJi 

80*51 

+ *25 

Jaiiy. 18 tli 54 

I 36 P.M. 6 

+ i 8'94 


83-39 

*52 

37 

I 18 

6 

14-52 

>i 

81-62 

*24 


21 6 

i8-6o 

»> 

84-24 

* 5 ^ 

3B 

I 58 

6 

14-71 


82-77 

*27 

56 

2 26 6 

18*84 

n 

84-77 

*47 

39 

2 40 

6 

14-98 

n 

83-79 

•26 

57 

2 56 6 

i 8*74 

i > 

85-28 

*47 

40 

3 9 

6 

15*12 


84-44 

*22 

58 

3 26 6 

18*38 

it 

85-66 


41 

3 42 

6 

^ 5*79 

» 

84-85 

*20 

59 

3 48 6 

17*98 

99 

85-76 

•39 

42 

4 *2 

6 

16-25 


85-07 

*20 

,, 19 fch 60 

7 8 A.TMC. 6 

17*44 

99 

76-34 

*01 

43 

7 19 AM * 

6 

16*52 

IS 

74-56 

*01 

61 

7 3 S -6 

17*48 

99 

76-20 

•03 

44 

7 54 

6 

i6'6x 


74-57 

•-* *05 

62 

8 3 6 

17*17 

99 

76-41 

*02 

45 

8 26 

6 

16-91 

ii 

74-8 1 

- *04 

63 

8 27 6 

i 6*74 

99 

76*72 

•X 5 

46 

8 52 

6 

17*44 

)l 

75-36 

+ *06 

64 

8 52 6 

16*52 

99 

77-16 

■14 

47 

9 *7 

6 

i 7'95 

n 

7 . 5-97 

*15 

65 

9 16 6 

15-91 

9 ) 

77-56 

•^9 

48 

9 44 

6 

x8*io 

n 

76*62 

•22 

66 

9 45 6 

15-99 

99 

77-92 

•17 

49 

1 1 23 

6 

x8*o8 

ti 

79*20 

*33 

67 

II 47 6 

1573 

99 

80-33 

*25 

50 

IX 5X 

6 

18*2^ 


8o*ix 

*34 

68 

0 13 p.M. 6 

15*41 

99 

81-03 

•26 

5 * 

0 15 P.M. 

6 

1^13 

»> 

81*04 

*43 ! 

69 

0 44 6 

15*04 

99 

8 1*84 

•30 

52 

0 38 

6 

18*89 


8r66 

*44 

70 

3 25 6 

14*08 

99 

85-34 

-30 

53 

I 4 

6 

19*09 

>9 

82-26 

-48 




— 

— 












Mean 

80-43 

+ 'HB 


The terminal point of set No. 35 was the point of origin for set No. 36. 

For measurements with compasses at Y, see page X . 

January 18th. (43) Weather at first cloudy, afterwards bright with much north wind. (50) Clouds commena 

ed gathering about noon and by the time work closed for the day and for the last 5 or 6 sets the sky 
was completely clouded ; there was comparatively little wind. 

„ 19th. (60) Sunshine and light clouds, little wind. (62) and (63) sky overcast. (67) Sunshine and 

light clouds. 



X. 


CAPE COMORIN BASE-LINE. 


H 

Extracts from the Field JBooJc of meastjeemeot i — (Continued.) 


When 
compared 
— 0 

1869 A 

Mean time of 
ending 

No. of bars used 

Height 
of set 
above 
origin 

Arrangement 
of Microscopes 

Bar B 

QCI 

When ^ 

compared ^ 

1869 0 

Mean time of 
ending 

no 

§ 

tw 

0 

Height 
of set 
above 
origin 

Arrangement 
of Microscopes 

Bar B 

62‘>+Tj 

t 

62“+ Tj, 

t 







Section YZ 








A. 


feet 







feet 




J any* 19fch J i 

4 7 P.M. 6 

+ I4'S6 

Cm.eji 

86-04 

+ *07 

Jany. 2lBt 89 

7 xo A.M. 

6 

+ I 6*89 

fm-eJs 

7T31 

0 

,, 20fch 7 a 

7 15 A.K. 6 

14*03 


73-96 

*o8 

90 

7 33 

6 

16-79 

n 

77-3.3 

*00 

73 

7 41 

6 

14*04 

71 

7S'94 

— »02 

91 

7 58 

6 

16-97 

51 

7 7 -.39 

*00 

74 

8 14 

6 

14-41 

» 

7.<i'9.‘! 

— *02 

92 

8 21 

6 

16*84 

55 

1V39 

•03 

75 

8 43 

6 

13*99 


76*16 

+ '03 

93 

8 4.S 

6 

17-19 

55 

77-89 

*13 

•j 6 

9 ^2 

6 

14-94 

>1 

76-68 

*13 

94 

9 5 

6 

i7*ir 

55 

78-23 

‘22 

77 

9 47 

6 

H’4.S 

9} 

77’43 

•19 

95 

9 25 

6 

17-24 

55 

78-64 

*28 

78 

n 38 

6 

T4‘32 

9» 

80-65 

*41 

96 

9 49 

6 

*7*13 

55 

79 - *3 

*30 

79 

0 57 P.M. 6 

14-09 

)t 

81*30 

*4* 

97 

II 20 

6 

16-75 

55 

81*19 

*39 

So 

0 26 

6 

14-89 

)> 

81-94 

*44 

98 

II 43 

6 

16*16 

55 

81*67 

•38 

81 

0 50 

6 

I 5 ' 2 I 

J» 

82*81 

*51 

99 

0 3 P.M, 

6 

IS'8.? 

55 

82*32 

*^o 

82 

I z6 

6 

15-18 

)f 

8.rs9 


100 

0 24 

6 

15-55 

55 

82*89 

*47 

83 

I 42 

6 

* 5*39 

Jl 

84*26 

*55 

lOI 

0 4S 

6 

*5*31 

51 

8.3-36 

*49 

84 

2 7 

6 

15*86 

n 

84*92 

*49 

102 

I 5 

6 

14*92 

55 

83*80 

•48 

8s 

2 37 

6 

13-84 

ih 

S.'i'Sa 

•48 

103 

I 27 

6 

14*61 

55 

84*27 

•48 

86 

3 

6 

16-os 

U 

86*08 

*42 

104 

1 58 

6 

*3*92 

55 

84*70 

‘44 

87 

3 24 

6 

16-26 

)i 

86*44 

*37 

*05 

2 50 

6 

12*87 

55 

8i,*^6 

•AO 

88 

3 48 

6 

16-86 

)> 

86*70 

*29 


















Mean 

81*19 

4 *293 

1 The terminal point of set No. 70 was the point of origin for set No. 71. 






I 1 or measurements with oonipaases at Z, see page X 

21* 







1 January 20th. 

(74) Sky overcast up to this, afterwards sunshine and light clouds. 





2l8t. 

(89) Sunshine, light clouds and high wind from north. (97) Clouds gathering, sunsliine at 1 


intervals and high wind from north. 














Section ZS 







Jany. Slat io6 

3 23 1?.M. 6 

+ 13-31 

86*02 

4- *38 

Jany. 22nd 125 

2 53 P.M. 

6 

4- 6‘o8 

83-97 

4 ‘3*? 

107 

3 S4 

6 

12*69 

n 

86*1.8 

*36 

126 

3 *7 

6 

S '39 


84-26 

•36 

„ 22nd 108 

7 30 A.M. 6 

*2-53 

3 t 

76'9,|) 

*01 

127 

3 41 

6 

5*41 

55 

84*61 

*37 

109 

7 5« 

6 

12*16 

}> 

76*96 

— *02 

128 

4 3 

6 

4*93 

55 

84-88 

*33 

no 

8 20 

6 

1 1*85 

3 > 

77‘^3 

4- *0: 

„ 23rd 129 

711; A.M. 

6 

4*30 

55 

77-14 

— *01 

III 

8 41 

6 

I 1*25 

51 

irso 

*02 

*30 

7 .88 

6 

4-5 1 

55 

77*10 

4 *01 

112 

8 .^9 

6 

10*78 

5> 

77-69 

‘04 

131 

8 2 

6 

3-9<> 

55 

77-2,') 

-» *02 

JI3 

9 18 

6 

io ‘37 
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Mean 

81*14 
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The terminal point of set No. 105 

was the point of origin for set No. 106. 






Height of set No. 142 above dot at South-End = 1'68 feet. 







For measurements with compasses at South-End, see page X . 







January 21st. 

(107)- 

—Slight 

rain 

during this set. 








j) 

22nd. 

(108) 

— Rain during the night, sky overcast and wind high from 

north. 

(115) Sky overcast 1 



high Wind from north. (118) Slight rain. (122) Slight rain. 






23rd. 

(129)- 

-Sky overcast. (133) Sunshine with light clouds. 







H'oiE.— In set No. 142, tans A, B, and H were employed. 




CiPE COMORIN BASE-LINE. 


Y 


When 

compared 


Extracts from the Field Booh of measfeebient ir. 


Height 
of set 
above 
origin 


Bar B 


62^1% 


Wlion 

compared 


Height 


Bar B 


62 V T. 


Section SZ 


Jany. 30 th 


li, m* 

8 27 A.M. 

9 34 
xo 13 
ir 58 

0 31 01. 

1 9 
I 48 
3 23 


Feb. 1 st 


9 

3 

0 

6 

10 

3 

30 

6 

It 

7 

40 A.M. 

6 

12 

8 


6 

13 

8 

52 

6 

14 

9 

33 

6 


10 

31 

6 

i6 

0 

0 P.K. 

6 

11 

0 

3S 

6 

i8 

X 

4 

6 

^9 

t 

34 

6 


feet 


(9 

0 


A. 

m. 


jeet 


0 

0 

rn 


79‘48 

— -21 Feb. Isfc 

20 

2 

8 P.M. 

6 

+ 9-38 

fm.eje 

90-14 

+ *37 

r89 

(m.ejs 

8 o '83 

*39 

21 

2 

45 

6 

I0‘I2 

t) 

91-20 

* 4.5 

2'14 

9) 

8.=?'02 

•38 

22 

3 


6 

10-94 

tt 

91-94 

*58 


)) 

8 . 5 ’45 

*06 

23 

3 

55 

6 

11*22 

rt 

92-70 

‘73 

2*96 

91 

86’47 

•0: 

24 

4 

28 

6 

TI*40 

j» 

93 n 4 

-86 

3'02 

9 ) 

86-98 

4 *12 3 , 2 nd 


7 

5 AM. 

6 

XI *42 

71 

77-99 

- -04 

3-90 

9 ) 

Sy-sS 

‘24 

26 

7 

35 

6 

11*76 

9 ) 

77 ' 6.5 

•04 

4’59 

9 ) 

87-28 

*23 

27 

8 

2 

6 

11*86 

V 

77-49 

•08 

3-31 

9 ) 

^ 7’, 55 

•32 

28 

8 

35 

6 

12*07 

19 

77-70 

•10 

b‘3S 

9 ) 

88-05 

•46 

29 

9 

2 

6 

12*37 

97 

78-38 

'20 

6*90 

9 ) 

7 S ‘88 

-08 

30 

9 

50 

6 

hr 45 

9 > 

79-32 

'29 

?*29 

91 

76-40 

*17 

31 

II 

27 

6 

13*60 

» 

84-25 

‘32 

7 *n 

9) 


*26 

32 

II 

5S 

6 

14*10 

99 

85-22 

'27 

7*20 

91 

78 'S .5 

‘33 

33 

0 

2 I P.M. 

6 

14 * 5 ^ 

91 

86-38 

-18 

7*69 

71 

79-90 

‘34 

34 

0 

46 

6 

15*16 

91 

87*08 

-06 

^^‘45 

9 ) 

84-78 

*21 

35 

I 

12 

6 

15*17 

39 

87*69 

+ *13 


it 

85 '94 

*n 

36 

I 

42 

6 

15*62 

9) 

88*19 

‘31 

V 7 

91 

87-64 

+ *07 

37 

2 

42 

6 

1 6*06 

99 

88*Si 

‘45 

8*87 


88-86 

•26 






— 












Mean 

86*90 

— '012 


ITor measurements with compjisses at South-End and at Z, see page 

January 30th. (1) Cumuli, alternate shade and sunshine, E. wind rather fresh. (4) East pardas raised. 

(8) At this set the east pardas were let down on account of the wind. 

February let. (11) I-’ino rnoniing, little or no wind, clear sky except towards east. (20) Fresh easterly wind. 
2nd. (25) Fine clear morning, light N.E. wind. (32) Strong E. wind, sea breeze, sky clear. 
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The terminal point of set No. 37 was the point of^origin for set No. 38. 

For measm-ements with conapasses at Yj see page 

February 3rd. (40)— Hazy morning, no wind, sky throughout the day cowered with thin clouds. (53) Sea 

breeze set in. , ' \ -n ■ j 

„ 4th. (60)— Fine morning, horizon hazy. (71) East wind. 
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Moan 

83*08 — *091 

The terminal point of sot No. 72 was the point of orij^in for set No. 73. 





I For measurements with compasses at X, see 

page 1 

. 







February 5 th. 

(76) 

Fine morning, little 

wind, heavy bank of clouds to 

east 

and'south. 

( 8 G) Sca-breesio 




coinmeiiced, afternoon fine, ciiimili. 











(94) 

Cumuli and strati. 










' 

eth. 

(97) 

Cloudy morning, no 

■wind. 

(105) Fine, horizon hazy, strati and omro-strati, cumuli 





over hills to west. 
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Moan 

84*39 

1 The terminal point of sot No. 107 was the point of orimn for set No. 108. 





Height of set No. 142 above North-End = a-qo feet. 







1 For measurements with compasses at North-End, see page X . 






1 February 6 th. 

(108) 

Sea-breeze set in. 



0* 








8 th, 

(117) 

Fine morning, clouds in horizon, no wind* 

(120) Cirri. 

(129) Sea-breeze set in. 



9 th. 

(139) 

Heavy clouds to N.E., no wind. 
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- -003 

1 The reiir-end of set No. 1 stood exactly over the dot at North-End. 






1 For measurements witlx compasses at X, seepage X . 







1 February 15th. 

(1) Fine morning np to 10 o’clock. (7) High wind from north. 






16th. 

(33) Strong wind from N. 

and N.E. all the afternoon with clear sky. 
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13 

82 ' 2 I 

•17 


46 

0 21 p.m: 

6 

16*58 

3 } 

85 \ 5.5 

*08 

64 

35 

6 

16*17 

3 » 

8.5-16 

•II 


47 

0 46 

6 

17*01 

33 

86-47 

- *03 

65 

59 

6 

15*61 

9 $ 

84-32 

*01 


48 

2 9 

6 

» 7‘25 

33 

87-25 

•og 

66 

0 21 P.M. 6 

15*19 

)» 

85 '*3 

-- *07 


49 

^ 31 

6 

17-69 

13 

87*96 

•14 

67 

0 53 

6 

14*80 

3 > 

86-52 

*19 


SO 

2 I 

6 

1 7*66 

31 

88-93 

•27 

68 

I IS 

6 

14-96 

3 » 

87-46 

•27 


51 

3 26 

6 

i8*12 

33 

SO’.S.! 

•26 

69 

* .57 

6 

14*55 

79 

88*02 



5 ^ 

2 55 

6 

18*12 

31 

8975 

•27 

70 

2 20 

6 

*3'39 

79 

88*64 

•40 


S3 

3 22 

6 

18*46 

31 

90*21 

•30 






— — ' — ^ 














Moan 

82*7^ 

■r -035 

1 The terminal point of set No. 35 was the point of origin for set No. 36. 






1 lor measurements with compasses at Y, see page X . 







1 February 17th (53) Strong wmd all day from N. . and N.E. with clear sky. 






1 

Jf 

18th (68) 


do. 


do. 

do. 









■CAPE COMORIN BASE-LINE, 


X. 


-a8 


Extracts from the Field Booh of measueement in— (Continued.) 


.4:1 

CD 

CO 

Wien ^ 

compared ^ 

1869 ,6 

J2i 

Mean time of 
ending 

No. of bars nsedj 

Height 
of set 
aboYO 
origin 

Arrangement 
of Microscopes 

Bar B 


• 4 ^ 

CD 

OU 

Wlien ^ 

compared 
— B 

1869 0 

Mean time of 
ending 

No. of bars used 

Height 
of set 
above 
origin 

a> 

^ Qa 

2 0 
§ ” 

Bar B 

62 “ + Tj 

t 

s-§ 

|a 

62 °+ Tj 

t 







Section YZ 








h , m . 


feet 


0 

0 



A, m . 


feet 


0 

0 

Eeb. 19 tli 71 

7 6 A.M. 

6 

+ 13-74 

76-17 

4 *08 


Feb. 19 th 89 

2 22 P.M. 

6 

-f- 16*19 


89*02 

- *17 

72 

7 28 

6 

hr 52 

3 > 

76*10 

■09 


90 

2 43 

6 

16-25 

» 


'21 

73 

7 49 

6 

13*44 

5 J 

76*21 

*07 


91 

3 5 

6 

16*41 

53 

89-86 

*25 

74 

8 7 

6 

13*68 

3 > 

76-49 

■09 


92 

3 26 

6 

16-77 

93 

90-25 

‘31 

73 

8 30 

6 

14*00 

S> 

76*96 



93 

3 51 

6 

16*70 

93 

90-47 

* 3^2 

76 

8 S 4 

6 

13-96 

}> 

77-72 

•25 


„ 20fch 94 

657 A.M. 

6 

16-44. 

93 

77-.58 

+ *ii 

77 

9 H 

6 

13-96 

31 

78*46 



95 

7 j6 

6 

16*26 

39 

77-29 

*i 1 

78 

9 32 

6 

13*66 

35 

79-16 

•38 


96 

7 3 S 

6 

16*04 

99 

77-.5I 

*10 

79 

10 3 

6 

14*00 

)3 

8o*oc; 

•39 


97 

7 54 

6 

16*09 

93 

77*50 

•08 

80 

II 27 

6 

14-46 

3 > 

83*61 

*i I 


98 

8 IS 

6 

i.r4o 

93 

77-85 

*i I 

81 

II 44 

6 

H'.'io 

» 

84 24 

•08 


99 

8 34 

6 

15*03 

33 

78-50 

•17 

82 

0 2 r.M. 

6 

14*60 

33 

84-74 

•05 


100 

8 5.3 

6 

14*80 

93 

78*80 

'22 

83 

0 20 

6 

i5‘07 

33 

8(^'26 

"03 


lOI 

9 

6 

H *57 

93 

79-30 

'27 

84 

0 37 

6 

15 '36 

V 

85*88 

— *01 


102 

9 33 

6 

13*93 

93 

79*93 

*27 


0 58 

6 

I 5'33 

33 

86-57 

•04 


103 

9 56 

6 

13*94 

93 

80-59 

*24 

86 

I 19 

6 

1 5 '83 

S3 

87-50 

*04 


104 

n 23 

6 

*3-25 

93 

83-94 

'10 

87 

1 38 

6 

ms 

33 

87*92 

'04 


105 

ii 58 

6 

xr8i 

93 

85-05 

— *06 

88 

2 0 

6 

16-31 

33 

88-51 

*09 







— 














Mean 

83*10 

+ *068 

The termmal point of 

set No. 70 was the point of 

origin for sot No. 71. 






For nieasuremeiits with coxopasfcses at Z, see page 

-51* 







February 19th (72) Wind moderate. (78) Wind from the same quarter but moi'e moderate, sky clear. 

(81) 

Wind becoming unsteady and gusty from N. and N, E with clouds. (88) Wind set in 

strong with clear sky. 


February 20th (102) N.E. wind with clouds all the morning. 













Section 

zs 







Feb. 20tb 106 

0 27r.M. 

6 +ii’()8 

( m . e ), 

86-57 

~ *15 


Feb. 22 nd 125 

9 31 a.m. 

6 

+ 4*71 

(m.e)n 

81*52 

+ ' 2^5 

107 

0 56 

6 

I 3*83 

33 

87-25 

*21 


126 

9 so 

6 

4*.52 

99 

82*26 

•28 

108 

1 16 

6 

11*37 

33 

87-60 

•19 


127 

10 4 

6 

4*34 

33 

82*87 

•27 

109 

I 38 

6 

iro2 

33 

88*00 

*21 


128 

II 23 

6 

3-84 

99 

85*10 

- 'I3 

1 10 

1 58 

6 

10*48 

53 

88*33 

•18 


129 

43 

6 

3*39 

93 

85*02 

*16 

III 

2 17 

6 

I O' 16 

33 

84*4^ 

-17 


130 

0 5 r.M. 

6 

3*20 

93 

84-86 

*^7 

1 12 

a 37 

6 

9-67 

33 

88*68 

'12 


13 1 

0 22 

6 

2*98 


84*80 

'22 


3 I 

6 

926 

33 

88*90 

**11 


X32 

0 43 

6 

2*75 

93 

84-91 

•24 

1 14 

3 

6 

8*78 

33 

89*10 

*12 


133 

I 0 

6 

2‘37 

33 

85-31 

•25 

115 

3 37 

6 

8*30 

33 

89*42 

*17 


*34 

I 19 

6 

1*51 

33 

85-63 

'16 

ti6 

4 2 

6 

7*86 

33 

89*80 

‘25 


135 

I 36 

6 

*70 

93 

86*01 

'09 

5, 22nd 117 

7 4 A.M. 

6 

7-67 

( m . e)g 

78-50 

4 '04 


136 

I S6 

6 

- *04 

93 

86-51 

*02 

118 

7 24 

6 

7-42 

33 

78-56 

•03 


ni 

2 16 

6 

'91 

93 

86*31 

•f ‘Ol 

119 

7 42 

6 

7'59 

13 

78*69 

•*’- '04 


».=!8 

2 34 

6 

1*29 

33 

86* n 

•07 

120 

7 S 9 

6 

7-38 

33 

78*89 

*06 


n 9 

2 50 

6 

1*72 

33 

86* 1 8 

*07 

121 

8 16 

6 

6-63 

3 ) 

79-29 

•07 


140 

3 <> 

6 

2*30 

>3 

86-59 

*05 

122 

8 33 

6 

6*42 

33 

79 ‘ 7.5 

*04 


141 

3 47 

6 

2*76 

33 

86-95 

— ‘06 

123 

8 SS 

6 

S'68 

33 

80*26 

+ -03 


142 

4 20 

3 

2*93 

(«i.e)o 

87-19 

'JO 

124 

9 14 

6 


33 

80*90 

-12 







— 














Mean 

84*88 

— *065 

1 The terminal point of 

set Ho, 105 was the point of 

origin for set No. 106. 






1 Height of set No. 

142 above South-End = 

1*49 feet. 








1 For measurements with compasses at South-End, see page X . 







1 February 20 th. (109) Gusty N.E. wind with clouds. 









22nd. (117) Sky completely clouded especially towards the east. 

(122) Sky cleared somewhat to- 




wards the west. 










n 

„ (128) Sky again clouded completely and rain fell at intervals. 

(130) Slight wind occasionally. 


(134) Still cloudy with wind from N.E. (136) Heavy clouds and 

rain. 

(139) Clear sky with 




wind setting 

in strong from the east. 









CAPE COMORIN BASE-LINE. 


X 


Extracts from the Field Eoolc of MEisuEEMEiirT it. 


compared 


Hoidit i o' 


Bar B 


62% 


Wlion 

compared 


Height I? 
of mt 8 p 
above s q 


Bar B 




Mar. Isfc 


m. 

7 50 

8 40 

9 22 
9 56 

I I 38 
o loP.M. 

0 41 

1 10 

1 38 
3 13 

2 43 

3 15 

3 42 

4 7 

7 20 a,m:. 

7 4f) 

8 13 

8 39 

9 4 


feet 
• 1*54 
1*89 (m.eJii 
^'99 » 


Section SZ 


■00 Mar* 2nd 
- '17 


25 A.H* 
33 
33 
5<> 

18 P.M. 


feet 
"f' 9’53 

io'4i „ 


83'87 "h *03 

86*53 ^ ‘06 

87*19 + *01 


20 

46 

5 A.IL 
29 

54 

28 


For measurements witli compasses at South-End and at Z, see page . 

March 2nd. (15) Olovuly. (IG) Slightly overcast. (17) More overcast, 
suii-sliine. (22) Overcast. 

» (23) East l)rec«o rising. (25) More sun-shine. (30) SuiKshiuc, 

for rest of day. 

„ 3id, (31) Calm and clear, (3G) Slight northcily brecKO with cini. 


87-21 + -204 


(20 and (21) Overcast, gleams of 
(31) Siin-sliine and fresh breeze 


Section ZY 


Mar. 3rd 


38 9 8 a,m:, 
.89 9 .82 

40 9 .87 

41 11 28 

42 II 50 

4.8 0 J 2 P.M. 

44 o 32 

45 o 56 

46 I 18 

47 I 37 

48 I 58 

49 2 20 

5 ° 2 44 

51 .8 8 

.52 3 34 

53 .8 57 

54 6 54 A.H, 

55 7 20 


4 16-13 
16-74 „ 


Mar. 4)tli 56 7 42 a.m. 

57 8 7 

58 8 29 

59 8 S 3 

60 9 15 

6 t 9 36 

62 10 o 

63 II 31 

64 II 56 

65 0 15 P.M, 

66 0 36 

67 0 53 


71 2 18 

72 2 50 


+ 18-99 
18-83 „ 


I Mean 85*51 — -057 

The terminal point of set No. 37 -was the point of origin for set No. 38. ” 

nor measurements with compasses at Y? page v 

March 3rd. (39) Sun-shine. (42) Fleeting clouds. (44) East breeze rising. (45) Strong bright sun-shine 
„ 4th. (5^) ^^alm and slightly overcast. (56) Sun-shine. (57) North breeze rising. (68) East breeze 
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CAPE COlvIOEIN BASE-LINE. 

Extracts from the Field Boole of measxjeement iv— (Continued.) 


Sp 

<D 

Ul 

When ^ 

compared ^ 

1869 jO 

Mean time of 
ending 

rcS 

CD 

m 

m 

u 

rO 

0 

Height 
of set 
above 
origin 

Arrangement 
of Microscopes 

Bar B 

When 

compared 

1869 

U 5 

<X) 

0 

d 

Mean time of 
ending 

ra 

CD 

to 

P 

m 

rd 

Cw 

0 

d 

Height 
of set 
above 
origin 

P Qj 

S 0 
a 0 

Kn ® - 

Bm* B 

63 ® + Tj 

t 

l-s 

0 

620 + Tj, 

i 







Section. YX 









m. 


feet 


0 

0 



h, m. 


feet 


0 

0 

Mar. 5 th 73 

6 t;4 A.M. 6 

16-51 

(w.e)ii 

79 '.M 

4 *09 

Mar. 5 th 

91 

1 43 r.M 

*. 6 

4 20*29 

(OT.e)ii 

91 *68 

-i- ‘33 

74 

7 it) 

6 

i (>’93 

J1 

7 ^)'o 9 

'02 


92 

2 3 

6 

20*46 

S 3 

91-69 

‘37 

75 

7 .38 

6 

17-19 

31 

79-10 

— *06 


93 

2 35 

6 

20*17 

33 

91-67 

‘39 

76 

7 .“i? 

6 

17*62 

3 > 

79-.38 

•18 


94 

2 46 

6 

19*82 

S 3 

91-67 

'43 

11 

8 

6 

17-53 

3 > 

79-85 



95 

3 

6 

I 9‘54 

33 

91-72 

‘57 

78 

8 .1.“) 

6 

17*88 

3 ? 

80 *44 

‘44 


96 

3 30 

6 

19-56 

J> 

9173 

•65 

79 

8 

6 

18*16 

33 

81-24 

‘.'JO 


97 

.5 52 

6 

I 9 -J 5 

J> 

9172 

‘73 

80 

9 10 

6 

18-54 

53 

8 1 -90 

‘<■>3 

„ 6tli 

98 

6 55 A.M 

. 6 

18*64 

(OT.e)i; 

81*46 

•04 

81 

9 32 

6 

18-40 

33 

8.5-14 

•7.^ 


99 

7 20 

6 

18*27 

S 3 

81*52 

-05 

82 

9 .54 

6 

18-95 

53 

84-1,'? 

•76 


100 

7 40 

6 

18*19 

S 3 

81-52 

-04 

83 

11 10 

6 

19*26 

35 

8 7 -98 

‘74 


101 

8 I 

6 

17-67 

33 

81*42 

‘05 

8^ 

11 27 

6 

19-89 

33 

88-65 

-62 


102 

8 18 

6 

17*31 

33 

81-62 

•05 

8S 

II 49 

6 

19*82 

33 

89-51 

'47 


103 

8 36 

6 

16*91 

33 

82*01 

-04 

86 

0 6 P.H. 6 

20-2 I 

33 

90-15 

-36 


104 

9 I 

6 

16*56 

33 

82*56 

-04 

87 

0 24 

6 

20*50 

33 

90-77 

•24 


105 

9 20 

6 

16*25 

S) 

82*98 

•06 

88 

0 43 

6 

20*63 

33 

91-25 

'13 


106 

9 .88 

6 

i. 8‘76 

IS 

8 . 8 - 4.8 

-08 

89 

I I 

6 

20*45 

33 

91-48 

4 ‘04 


107 

10 0 

6 

1 4' 73 

3 ) 

84*1 I 

-07 

90 

I 35 

6 

20‘8o 

33 

91-63 

-24 






_ 















Mean 

87-4C 

— *012 

The terminal point of set No. 72 was tlio point of origin for set No. 73 . 






For measurements av 

ith com passes 

at X, sec piige X— 








Mai'ch 6tli. (88) Easterly l.reezc s 

in. 

( 95 ) l^lasterly breeze very fresh. 







6th. ( 99 ) Calm and cloudy 

morning. (101) North breeze beginning. (lOl*) Still cloudy. 








Section XN 








Mar. 6iili io8 

II 27 A.M. 6 

-H 14*87 

(m.c)i2 

86*58 

4 - *15 

Miu-. 8tli 

126 

7 20 A.M. 6 

4 8*07 

81-59 

' Ot 

109 

11 4.3 

6 

14*94 

33 

87*21 

•19 


127 

7 .87 

6 

7‘97 

33 

81*61 

‘04 

1 10 

0 0 r.M. 0 

i 4 ' 5 i 

33 

87 - 8 ,? 

-25 


128 

7 52 

6 

7'.54 

5 > 

81-78 

•04 

III 

0 20 

6 

> 4 'o 5 

3> 

88*26 

’2.') 


129 

8 8 

6 

7 '1.8 

S 3 

82*06 

*1 1 

112 

0 36 

6 

13-4S 

33 

88-57 

‘.^0 


130 

8 23 

6 

6*68 

3 » 

82*51 

•15 

113 

0 51 

6 

i.roS 

53 

88*72 

‘ 3 .S 


13 I 

8 38 

6 

6*27 

33 

82*67 

*16 

114 

I 7 

6 

12*93 

33 

88*88 

•42 


132 

8 57 

6 

6*24 

•3 

8.5-14 

-14 

1^5 

I 24 

6 

12*57 

33 

89* 1 0 



1^33 

9 12 

6 

6*24 

3 > 

85*60 

‘13 

T 16 

I 39 

6 

I 2 ’i 6 

33 

89-34 

‘57 


134 

9 29 

6 

6-30 

33 

84*22 

*12 

117 

^ 52 

6 

1 1*64 

33 

89 ’.U 

*57 


135 

9 46 

6 

5 ’93 

33 

84-84 

-08 

II8 

2 8 

6 

: I *42 

33 

89*65 

• 5 « 


136 

11 16 

6 

5 -.88 

33 

88 - 5 .? 

•08 

IK) 

2 27 

6 

1 1*20 

33 

89-83 

'53 


137 

II 35 

6 

4-97 

S 3 

89*12 

4 *05 

120 

2 48 

6 

10*73 

33 

89-93 

•50 


*.58 

II 54 

6 

5 ‘oi 

S 3 

89 ‘.‘;.s 

-08 

J 2 I 

3 4 

6 

1 0*1 8 

33 

89-96 

•48 


*39 

0 1 1 P.M. 6 

4*62 

3 S 

89*88 

•xo 

122 

3 19 

6 

9 f '3 

33 

89-77 

•48 


140 

0 29 

6 

4*29 

SS 

90*26 

-17 

123 

3 36 

6 

9’23 

33 

89*58 

*47 


14 1 

0 45 

6 

. 8 - 8.5 

S 3 

90*76 

“I9 

124 

3 S2 

6 

8-94 

33 

89*50 

‘50 


*42 

I 20 

6 

.8‘oo 

33 

92*25 

’42 

„ 8tli 125 

6 58 A.M. 6 

8*69 

31 

81-77 

— *02 





















Mean 86*05 

4 *146 

The terminal point of set No. 107 

was the point oj 

' origin for set No. 108 . 






1 Height of set No. 142 above North- End = 

= 2*23 feet. 








1 For measTirements with compasses at Noith~End, see page X 

21* 







1 March 6th. (109) 

Calm and cloudy. ( 110 ) Occasional sun-shine. (Ill) Slight shower. ( 112 ) Sun-shine 



and East breojie. 










j, 

8th. ( 137 ) Southerly wind. ( 138 ) Passing clouds. 










CArE COMOEIN BASE-LINE. 


x_ 


"31 


Compass measurements of the distances between the terminal points of the successive measurements, 
and the points defining the section stations and the extremities of the base. 


Let N, S be the points defining the North and South Ends of the base ; and let X, Y, Z 
be points on the brass plates South and West of all the dots, in each case ; and let axes of 
coordinates parallel and perpendicular to the base be imagined through these. 

And let all measurements northward and eastward be reckoned +, and those in opposite 
directions — 

Then the coordinates — in inches — of the terminal points of the successive measurements 
will be 


Jn respect of length 


For Measurement 

I 

N 

X *170 

Y + *103 

Z + '063 

[ s — 31*10 

3 ? 

II 

N — '166 

+ '085 

+ ’053 

+ -103 

31*10 

55 

III 

N 

+ *191 

+ ‘154 

+ *187 

30*88 

?5 

IV 

N + *392 

+ "475 

+ ’403 

+ '353 

30*89 


And in respect of direction 


For Measurement 

I 

X + no 

Y + 1*30 

Z + 1*40 

55 

II 

+ 0*06 

+ 0*41 

+ 0*35 

55 

III 

+ 1*86 

+ 1*87 

-j- 1*48 

55 

IV 

+ 0*39 

+ 0*03 

+ 0*02 


If now we write NX- 1 , XY- 1 , &c., NX. II, XY. 11 , &c., &c., to represent the distances 
between the points laid down by the several measurements then 


NX 

I = 

NX — 

•170 

XY 

I = 

= XY 

+ *067 

YZ. 

I = 

YZ 

— 1~ *040 

ZS. 

I 

55 

II = 

55 “■ 

•251 

55 

11 = 

- 

— I*-- *03^ 

55 

II = 

55 

— '050 

55 

II 

55 

III = 

— 

*191 

55 

III = 

- ,, 

+ ■037 

55 

III = 

5 '» 

— *033 

55 

III 

55 

IV = 

5^ — 

•083 

55 

IV = 

^ 55 

+ *072 

55 

IV = 

55 

+ *030 

55 

rv 


= ZS + 3ri63 
= „ +3r203 
= „ +31*067 
= „ +31*243 


Also 


NS- I = NS + 31*10 
„ II = „ + 30’934 
„ III = „ + 30-88 
„ IV = „ + 3I’^82 


The compass measurements shown above were made after the operations, independently 
by Captain J. P. Basevi, B.E., and Lieutenant J . Herschel, R.B. 
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CAPE COMORIN BASE-LINE. 


The determination of the mean actual length of the bars during the measurement of 
each section of the base-line is made in the manner which is indicated in Section 6 of Chapter 
VIII. The numerical values of the quantities 

^ 62 ”, and — 

or the mean temperature of the brass component, and the mean excess of temperature of the 
iron over the brass component, are given at the end of the column of tei^peratures of bar B, in 
the extracts from the field book of each measurement of each section. These values are 
successively inserted in equation (20}, which however has been erroneously printed at page (73), 
and should be 

* 

^ ^ = ““ 2-i' 3 — ^2'9 -f o'l^ de'^ 

thus the actual lengths of the bars have been determined; they are given in the table on page 
( 73 ) and therefore need not be repeated in this place. 

Th^ lengths measured by the bars have been determined in the manner indicated in the 
first para of page ( 76 ); the details of the determinations of the lengths measured by the 
microscopes are given in pages X__^ ^ to and those of the lengths measured by the beam 

compass at page X — The several values of lengths are collected together in the table at 
page ( 75 ), where it is shown that the mean length of the base, at the level of the measurement, is 

8912*5904 feet of standard A. 


Reduction to Mean Sea Level. 


This base-line was measured four times ; and as the work commenced alternately at the 
North and South-Ends, the “heights of sets above origin” recorded at pages X_ to X__ 

are referred there correspondingly to these termini. The heights, in Measurements II and IV, 
may however be referred to the origin of Measurements I and III, or North-End, by applying 
to each height the difference between the heights of the two termini: the value of this differ- 
ence adopted, is (N. End — S. End) = 3' 12 feet.* All the heights of sets being thus referred 
to the N. End as an origin, we have in the notation of page I 


* By observations made OB four successive days in January 1870, it was approximately determined that the mean Sea level at 
xuticonn was 6:03 feet below the Gc. T. S. Bench Mark on a flagstone in the nortieo of the Protestant Church Tntieorin. The heights 


- n . - , ’ vr , " •fla'gstone in the portieo of the Protestant Church Tuticorin. 

touowmg are referred to this datum and were found hy spirit leveling operations. 

Cape Comorin Base-Line. Height of S’orth-^End above mean Sea level 135^07 feet 

(North-End — ^uth-Bnd) 3 'i 3 „ 
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CAPE COArOHlN BASE-LTNE. 


Description of Stations. 


The Tower, 


PARMESPUIUM TOWER STATION, is situated about 16 miles N.E. of Cape 
Ooraorin, the extreme southern point of the Indian Peninsula, and 
about 32 miles south of the town of Tinnevellj ; ‘ taluk’ of Nanguneri ; 
sub-division of Rathiipuratn. The nearest towns and villages are as follows : Nangimeri I6| 
miles N. by W. ; Rathapuram 2 miles N.W. by N. ; Pannagiidi 9| miles N.W. by W. ; Par- 
meshwaripuram a small village i mile E. by N. 

The station is the North-End of the Cape Coraoi'in base as measured in January, February and March 1869, 
The position was originally selected as that of a Section Station of a longer line, but was 
subsequently made the Northern terminus of a short base to be repeatedly measured, and 
the present huilding was accordingly designed and built by Captain B. R. Branfill, in charge of the Great Arc Triangn- 
lation. It consists of a central isolated hollow pyramidal pillar of masonry 25 ' high, surmounted by a circular slab of 
sandstone 39" in diameter and 6" or 7" thick. The isolated pillar is surrounded by a hollow conical building l il-'in 
diameter at base and 6' at top, round and in contact with which is a tower of sun-dried bricks 20' square at base and 
15' square at top, A masonry archway 5' wide and 7' 6" high runs through the basement, in the direction of the 
measurement, N. and S. nearly. 

The mark to which the measurements were eventually referred is a cleanly drilled hole 0"‘05 in diameter in a 
silver core to a sulistantial brass ping, which was run in with lead into the markstono. 

1, The Measurement Maik, ^ pyi'amidal block 42" high and 30" square at base, and 21" square at top. 

It rests on a bed of santl 6" deep on three courses of brides in the bottom of a masonry well sunk into the hard gravel 
subsoil of the place, 3' below the foundations of the tower. Before and after the pier was placed, enough water was 
poured in to saturate the sand and allow of uniform settlement. The remainder of the well was then bricked up flush 
with the surface of the stone. The mark is provided with a brass covering plate having a spurious dot and circle on its 
nppev surface. 

After the completion of the measurement, a massive granite slab 32" in diameter and 
9" or 10" thick, having a square recess countersunk in its lower side and engraved (as in 
fig.) on its surface, was placed over the mark as a title. In this stone a deep cylindrical 
, hole 1-1 0th" in diameter was bored rigorously in the normal 

2. e 1 esone ar , of the lower or Measurement-mark. It may be fitly described 

and known as the Title-stone mark. In the recess below may be found a parchment record 

of the measurement of the base, stating its length as 8912‘5 
feet. The floor of the passage was eventually raised to within 
an inch or two of the surface of the stone, and the archways bricked up throughout their 
length, leaving only a central chamber 5' by 4' corresponding to the hollow base of the 
central pillar. The surface of the stone is 11"'00 above the Measurement-mark. 

The slab of sandstone which copes the central pillar has a keystone in the middle which contains the mark employed 

by the trigonometrical surveyors. The height of this mark above the Measurement-mark 


Parchment Eecord. 



3, The Trigonometrical Mark. 


is 24'-87. 



CAPE COMORIN BASE-LINE. 

Description of Stations — (Continued.) 



After the completion of the base-line operations one of the stone comparing piers 'was sunk as a Bench-mark for 

Levelling Bench-Mark. future levelling operations. Its position is 10}J south of the S. Arch of the tower. It is a 

pyramidal block 5' high 27" square at base aud 14" square at top, and its surface, marked 
(as in fig.) is flush with the ground-level : and is 0'‘47 above the base-line Measurement-mark. 



SHA.N6ANBRI TOWER STATION, is situated If miles S. i ff. of Parmespuram T.S. 

Sifc^tion. description of which reference is directed for further particulars. 

1 , nearest village is that of Shanganeri i mile W.S.W. in the 
Nanguneri ‘taluk’, ° 

Shanganeri p. is the S. End of the Capo Comorin Base as measured in January, February and March 1869. 
Its position, which is half-way down the slope of an undulation, was originally selected as that of a Section Station of 
10 lutciue last, but was subsequently made the Southern extremity of a shorter distance to bo repeatedly measured i 

and the present building was designed and built accordingly by Captain B. R. Branfill, in charge of the Great Arc 
Triangulation. 

It consists of a central isolated hollow pyramidal pillar of masonry 22' high surmounted by a circular slab of 
sandstone 39" in diameter aud 6" or 7" thick. The isolated pillar is surrounded by a hollow conical building 12' in dia- 
meter at base and 6' at top, round and in contact with which is a tower of sundried bricks 20' square at base aud 15/ 

square at top. A masonry archway 5' wide and V 6" high runs through the basement in the direction of the mea- 
surement j VIZ. N. and S. nearly. 

Vide Parmespuram T.S. for all particulars with the exception of the following. The Title-stone mark is 8"i0 
Description’of Marks. Measurement-mark, and the Trigonometrical-mark is 21' 9 J" above the same. 

There is> Bench-mark at this station, similar to that at Parmespuram, about 10' N. of the N. face of the tower. 


J. T. W. « J. B. N. H. 






PPEITDIX. 



DESCRIPTION OF THE METHOD OF COMPARING, AND THE 

APPARATUS EMPLOYED. 


The comparisons have invariably, been made with the aid of micrometer microscopes. When the long 10-feet 
bars liave been under comparison, the microscopes have always been set up on pillars, usually single blocb of stone, 
about 5 feet high, sunk to a depth of 1 li feet in tlie ground and carefully isolated troin the tread of the observers and 
the attendants; between these pillars a ‘comparing table’ is set up, carrying a sliding frame on which the bars are 
placed, one at a time, and then brought under the microscopes ; the legs of this table are sunk to a depth of about 
2 feet into the ground, and arc also carefully isolated. 

Such at least have invariably been the arrangements during the comparisons of the Standard Bar A with tlio 
Bar B, and with the compensated bars, at the several base-lines, and on all otlier occasions, whether the operations were 
conducted under tents or in a biiilding. But in tho comparisons of A with 1^^ and in 1867, the microscopes were set 
up for the first time on carefully built brick pillars, desceudiug to a depth of 6 feet below the ground, between which 
two other pillars were Iniilt to support tho ‘ comparing carriage’ ; the carriage travelled in a tramway, and it’s breadth 
admitted of two bars being placed on it together. 


During the comparisons each bar rests immediately on two ‘ camels ’, at one-fourth and throe-fourths of it’s 
length. A camel is a strong brass tripod, having an axis wdiich can be raised or lowered in it’s socket by a powerful 
vertical screw ; on the top of and perpendicular to the axis there is a sliding frame carrying a pair of small rollers, 
winch the bar rests on, slow motion in the direction of it’s length being communicated to the bar by a tangent screw, 
and in the direction of it’s breadth by a screw acting on tho frame which carries the rollers, the raising or lowering being 
performed by the vertical screw which acts on tho axis. The camels have foot-scrows by moans of which they are 
levelled, and as the axes protrude several inches beyond the plane of the foot-screws, holes through which they are passed 
are cut in the snrfiice of the comparing table or carriage. 

Thus the bars are brought approximately into position by moving tlie carnage or the sliding frame of the table, 
and tho final adjustments are made by means of the screws of the camel which impart motion in the direction of each 
of the three co-ordinates. 


The comparing microscopes which have been used at all the base-lines, and on almost all other occasions of 
comparisons of the 10-feet bars, whether standard or compensated, between the years 1832 and 1867, are represented 
in plate 19 of Colonel Everest’s Arc Book of 184-7, and were constructed by Messrs. Troughton and Simms. One 
of them carries a micrometer, while the other carried — until recently — a fixed wire, under which one of the extremities 
of a bar was brought by means of the tangent screw attached to tho adjacent camel, and then the micrometer wire of the 
other microscope w'as brought over the opposite extremity of the bar. The length of the microscope from the diaphragm 
to the object glass is about inches, and from the object glass to the external focus 2| inches, subject to slight varia- 
tions of adjustment ; the value of a division of the micrometer is about the illiiminatiou 

is efiected by means of reflectors, working in collars above the object glass. 



S DESCEIPTIONS OF METHOD OF COMPAEINO AND APPAEATUS. 

Of late years the camels have become so much the worse for wear that it is difficult to bring the bars into 
position under the plain microscope, with sufficient accuracy, by means of the tangent screws appertaining to the 
camels ; a micrometer was therefore added to this microscope in 1867, and was employed in the comparisons far the 
base-lines at Bangalore and Cape Comorin. 

The method of fixing the microscopes on the blocks of stone on which they are set up is as follows ; — each 
microscope is firmly soldered to the end of a gunbarrel about 18 inches in length, below and at right angles to 
which a bar of iron, 10 inches long, is soldered, at 3 inches from tlie microscope, thus forming a tribrach which is 
attached to the head of the stone, and adjusted by sets of pulling and pushing screws at the extermity of each of 
the three arms. 

Each microscope carries a spirit level and is held in a collar in which it can be turned round and adjusted 
to verticality by means of the screws of the tribrach. The microscopes are brought as nearly as possible into a 
horizontal line, by setting them to focus on a bar which has been carefully leveled on the camels ; afterwards the distance 
of any bar from a microscope is invariably regulated by raising or lowering the bar until it’s surface is broxigbt into 
the plane of the external focus of the object glass. 

With ordinary care to bring the image of the object into the plane of the diaphiugm, the object may always be 
brought within *01 of an inch of the jxlane of the external focus of either of these microscopes. This is readily px’oved 
by examining the rtm of the microscopes, as determined by several observers; different persons are liable to make 
diflerent estimates of the focal adjustment which necessarily affect the determination of the run, and, with these 
microscope.s, a change of *01 of an inch in the distance of the object from the object glass will alter the nm by less than 
2 per cent of its total amount ; but tho runs obtained by different observers have been mrely found to differ by as much 
as 1 per cent, sliowing that the several estimates of focal length have not altered the distance of the object from the object 
glass by more than •005 of an inch. Thus a special appliance for bringing the bars in succession to precisely the same 
distances below the object glasses is unnecessary. 

When tlie new Standard Bars I,? and Ijj were constructed, a pair of new micrometer microscopes was also eon- 
striicted for tho operations of this ‘Survey, l)y tho same makers, Messrs. Tronghton and Simms. They are similar in 
•almost all respects to the Ordnance Survey microscopes which are described by Captain Clarke at page 5, and figured 
in plates III to VI, of his Coinpariscnis of Standards of Length. Each microscope is held, by two collars, in a gun-metal 
iiolder, which is a hollow cylinder having three arms at the middle of its length, with a set of threo internal bearings 
at the upper and another at the lower extremity, for receiving the microscope collars ; the three hearings are segmentanj, 
and one of them is pressed by a spring which can bo di-awn back at pleasure by a screw for the purpose, to admit the 
microscope, and then relaxed to press tho microscope into it’s bearings. 

The gun-metal holder is attached by foot-screws, at the extremities of it’s three arms, to a cast iron plate, which 
rests on three points projecting from it’s under surfixco, on the stone pier. Thus the microscope is held in its holder, 
and the holder in tho iron casting, without any strain ; tho microscope can be raised or lowered by the screw attaching 
it to the holder, and, revolving in it’s bearings and having an attached level, it can be made vertical. 

The illumination is efi'ected with the aid of a glass prism attached to a collar at the bottom of the tube, and 
having a perforation through it in the direction of the axis of the microscope. 

The length of tho tube, from tho diaphgram to the object glass, is 13 inches, from the object glass to the ex- 
ternal focus, inches. The value of a division of the micrometer is about the th part of an inch. 


J. T. W. 



APPBITDIX. 




COMPARISONS OF THE LENGTHS OF 10-FEET STANDARDS A AND 
B, AND DETERMINATIONS OF THE DIFFERENCE OF THEIR 

EXPANSIONS. 


These bars were twice corapared under Colonel Everest's snperintadence; in his dee at Deira Boon, 
November 1834, and in camp after the measurement of the neighhtring Base-line, in Eebnisrj 1835, 

The compaiim were as Mows (See EmddnMcfMl^na i35, and 436) 



COMPAEISONS OP THE 10 -PEET STANDARDS, 


Date, 

Stakdaed a. 

Stakdaed B. 

Date, 

Standabd a. 

Stakdaei) B. 













1834 

Micrometer 
Eesxdings 
20138‘2 div. 
to 1 incli. 

Mean of 
Two Thermo- 
meters, CoiT^ 
+ 0*0454. 

Micrometer 
Readings 
20138*2 diy. 
to 1 inch. 

Mean of 
Two Thermo- 
meters, Corr’^ 
-0*2280* 

1834 . 

Mecrometer 
Readings 
20138*2 div. 
to 1 inch. 

Mean of 
Two Thermo- 
meters, Corr^ 
+ 0*0454. 

Micrometer 
Readings 
20138*2 div. 
to 1 inch 

Mean of 
Two Thermo- 
meters, Corr^^ 
-0*2280. 

Nov. 13 

E. 


0 

E. 

D. 



B. 

D. 

0 

E. 

D. 

0 

I 

49'9 

65-300 

I 

78-0 

67-150 

Nov. 14 

3 

07-7 

73-400 

2 

94-4 

72-^75 


I 

7^*5 

67-150 

I 

93-5 

68-300 


3 

i8-o 

73-800 

3 

03-8 

73-350 


2 

3 < 5-6 

70-100 

2 

38*5 

70-475 


3 

26-0 

74-350 

3 

16-9 

73-750 


1 


70-950 

2 

48-0 

jnco 


0 

76-7 

57-950 

0 

66*9 

57-050 


: 2 

6o'5 

7 ^' 56 ° 


51-8 

71-550 


0 

73-3 

57-300 

0 

62-1 

56^-<575 


2 

7°‘5 

71-850 

2 

67-3 

72-025 


0 

73*0 

57-250 

0 

67-6 

56.800 


2 

76-9 

72-400 

2 

7ri 

72-450 


0 

79-6 

57-750 

0 

73‘8 

57*400 


2 

82‘0 

72-700 

2 

75-0 

72*700 


0 

89-2 

58-250 

0 

82-0 

0 

cp 


2 

84-6 

72-900 

2 

/ 5-8 

72-950 


0 

98-4 

59-000 

0 

90-5 

58*600 

14 

0 

53 ’9 

57 ' 35 o 

0 

48-5 

56-650 


I 

lOM 

59-750 

I 

06-4 

59-500 


0 

51-6 

56-900 

0 

45-5 

56-400 


I 

24-4 

60-750 

I 

17-0 

60-400 


0 

47-8 

56-600 

0 

43 -0 

56-300 


2 

15-4 

66*150 

2 

06-3 . 

65-850 


0 


56-825 

0 

51-1 

56-650 


2 

31-7 

67-150 

2 

20^0 

66-600 


0 

65'5 

57-550 

0 

6i-o 

57-400 


2 

46-4 

67-850 

2 

34-3 

67-500 


0 

80' 0 

58-400 

0 

77-4 

58-300 


0 

64-0 

68-850 

2 

50-1 

68 -450 


I 

g2‘Q 

65-800 

I 

63-0 

64-300 


2 

7I-I 

69-700 

2 

58-9 

69-150 


2 

i 5'5 

67-225 

I 

83-9 

65-450 


2 

89-1 

70-675 

2 

76-1 

70-400 


2 

32'2. 

68-350 

2 

02-6 

66-700 


3 

00*4 . 

71-450 

2 

88-9 

71-000 


2 

47'a 

69-250 

2 

23-0 

67-825 


3 

12-5 

72*250 

3 

02*0 

71-650 


2 

59 ’o 

70-325 

2 

39-9 

69-200 


3 

13-0 

72-650 

3 

o6’o 

72*200 


2 

76*0 

7 x' 3 oo 

2 

55-7 

70-300 


3 

25-5 

72-950 

3 

11-5 

72*600 


2 

9fo 

71-950 

2 

72-4 

71-250 


3 

31-5 

73*300 

3 

i6-i 

72-850 


3 

00-5 

72-600 

2 

81-3 

72-000 

Mean... 

2 

07-324 

66-6167 

I 

97-758 

66-2161 





A AND B IN 1834-35. 


StANBAEE) A» 


Stnbarb B. 


Staitdabd a. 


Micrometer 
Readings 
20168*7 diT. 
to 1 mch« 


3 L 

— 0 

D. 

82*6 

— 0 

70*3 

— 0 

CO 

0 

26-0 

0 

02*5 

•+ 0 

337 

0 

88*5 

-h I 

28*0 

4. n 


+ 3 

43*5 

+ 3 

58*8 

3 

68*5 

3 

70*6 

+ 3 

71*6 

+ 3 

5 < 5-5 

+ 3 

29*5 

— 0 

10*4 

-- 0 

03*9 

■f 0 

09*6 

-f- 0 

28-5 


68*6 

+ 0 

94*0 

■f- 1 

27*6 

+ i 

61*4 

+ 2 

79*3 

+ 3 

08 '9 

+ 3 

27*0 

4, 2 

42*8 

+ 3 

47*6 



Moan of Micrometer Mean of 

Sgs I'-Thor. 

mometera, 20168'7 div. mometers, 

Correction . , ■ Correction 

+ 0-04.54. _a-9?<Rn. 


4i'3c 

42 - 40 

43 - Sc 

46 - 2j 

48-40 

52-00 

54-60 

67 - 30 

68 - 35 

69 - 50 

70 - 50 

71 - 00 
71-05 
7o'45 
69‘45 

47 - 20 

47'35 

48 - 25 

49 - 60 

53'65 

66-05 

58 “io 

66-00 

68-00 

69 ‘ao 

70-40 

7o'8o 


41-80 

4275 

44‘20 

46-25 

48-65 

5276 

54-85 

68 - 35 

69 - 25 

70 - 40 
71*30 

7*‘56 

7^*65 

70*90 

69-75 

48*15 

48*10 

48*80 

49'95 

54‘o6 

56*20 

58*50 

66*85 

68 * 8 o 

69*90 

71*06 

7^*25 


— o 81*8 

— o 63*1 

— 0 36*6 
~ 0 o8‘5 
+ o 26*1 
+ 0 81*2 
+ I 19*0 
+ 3 06*7 
+ 3 25-5 
+■ 3 41-0 
+ 3 50*0 
+ 3 66'9 
+ 3 57*9 
+ 3 41-6 

+ 3 7*6 

-0 28*5 

— o jip’a 

— o 02*5 

+• 0 19*4 

+ o 50-0 
+ o 86-0 

‘ + I 20*0 

+ I 49*5 

+ a 6 i'9 

I-f a 95*0 

-I- 3 I3'4 
-1-3 sro 

"f- 3 31*4 


Micrometer 
Readings 
201687 div. 
to 1 inch. 

Mean of 
Two Ther- 
mometers, 
Correction 
**}- 0*0454. 




Feb. 12+3 51*3 71-60 

-+- 3 49'9 7^‘SS 

+ 3 40-1 71*15 

+ 3 32-3 7o‘4o 

13+0 op'o 48-70 
+ 0 09-6 48-80 

+ 0 27*5 49-70 

+ 0 51-0 51-20 

+ 0 82*0 53’20 

-5- I i6‘5 66’45 

+ I 46-0 67-60 


I 36*3 


+ 1 76'4 69’66 

+ 3 16*2 68-95 

+ 3 44’6 7o'9o 

+ 3 74-0 72-90 

+ 4 10*5 74-55 

•+■4 ^7*^ 76*06 

+ 4 12*0 75-15 

+ 4 13*0 74’8o 

■f 3 98-0 74*20 

— 1 43*3 42-60 


42-85 


1 22*3 43‘6o 

■ I 00*0 ^ 45-00 

' O 71*2 46-65 

o 40*1 48-40 


I Staitdaed B. 


Micrometer 

Eeadinga ®^®'* 

20168-7 div. mometers, 
to 1 inch. 

-0-2280. 


+ 3 40-0 

+ 3 39*3 
4- 3 31*0 
+ 3 19*9 

— 0 i6'i 

— 0 02-5 

+ 0 14-3 

+ o 42*0 
+ 0 71-0 
+ I 02-6 
+ I 37*1 
+ I 69-7 
+ 2 95*0 
+ 3 26-5 
+ 3 65*5 
+ 3 92*2 

I + 3 . 98-4 
+ 3 99*0 
4- 3 93*0 
•f 3 84*1 


I 35*2 


I 30*9 
I i 6*9 
o 97-0 
o 68*9 
o 42-5 

O 32*0 


71-10 

71*00 

70-65 

70-00 

47-76 

47*95 

49*16 

60-76 

62-76 

66*10 

67*30 

69*36 

68-05 

70*10 

72*46 

74-00 

74*46 

74*60 

74-46 

7376 

43*36 

43*46 

44*10 

46*60 

47*00 

48*50 

49*96 


-o 37*0 49*96 “-o 32*0 j 49*95 

STean... 1 ^7*o43 69*^723 ; i 66*967 68-744«5 
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COMPARISONS OF THE 10 -PEET STANDARDS. 


As no direct determinations of the expansions of B have ever been made, the difference of the expansions of A 
and B has been computed from these comparisons, in both groups of which the range of temperature was sufficiently 
great to permit of a fairly approximate determination of this unknown quantity, as well as of the difference of the 
length of the bars. 

Putting and for the excess of the temperatures of A and B over 62 °, and for the expansions, x for the 
value of B — A at the temperature of 62 °, n for a measured value of B — A at the temperatures of observation, and 
3^ = — e^, it follows that the form of each of the primitive equations will be 

a, t^y ^ - t). 

In order to show the degree of precision which has been attained, each of the two groups has been treated separately 
by the method of least squares with the following results, being taken at 22’669 milhonths of a yard, as determined 
by Colonel Everest, see section 2 of Chapter 11 . 


jt- C// oo 


V/T / 


r 

Formal equatioois. | ^79 455 2 ^—+ ^7597 

^ (179 405 X + 2464’674 y = ~ 46o‘6o6 


/ 1 inch "v 

162 == 4'3d2 millionths of a yard 

( 1 inch \ 

d — — = — o'57 j mllionths of a yard 


V » = 3- 

y 


X 

y 


20138’ 

Second Gronp. 

r 

Formal equations. 

71 ~ 2oi6i"’7 } ~ o’236 millionths of a yard 

✓ ■ It \ 

109 millionths of a yard 


f 5*5 a? — i95'o68 y — 25*009 

\ — r95’oo8 X + y = — 647-850 


0'I‘ 


•079 


(d = 


1 inch \ _ 
20I68’7/ 


, £y hath Groups. 

Formal equations. { *■5 •’/ = 9 K^ 3 ^ — ^ 

i — i5'% + 10432-363 y = — 1106-512 = Q 

the absolute quantities being expressed in terms of d = ^ of an inch. 

20138-2 

Prom these last equations the values and the weights of x and y have been determined, as follows 


X = ’0099033 P + ’0000148 Q 
y = ’0000148 P + *0000959 Q 

and restoring the values of P and Q 

a 

X — o’9oo, the reciprocal wdght Idng = *0099033 

d 

y = - O' 105, „ „ = '0000959 

The errors of the different comparisons resulting from these values of x and y, indicate that the probable error ol 

d 

a single comparison is = ± 2*10 

.'.0! = I '241 ± *29 nillmdh of a yard 

y = - 0-145 ± ’03 » „ 



A m B IN M-35, 7 

After these calculations were completed tie adopted Take of tie expansion of A was ascertained to be too 
great. Tie following differential computation was tierefore made to determine tie effect of this eiTor on tie values 
of .candy, 

Putting for tie error of the expansion of standard A, k and ii for the corresponding errors in tie precede 
ing vakies of x and y, and expressing tie results in terms of millionths of a yard 

for the fist group * - (it = 4'36 j - ' joj 
j/-(iy = -o'jjj + 'oo8(fe^ 

for the second group *-(&= '436-750 (it, 

y-(Jy=- 'lop-'oijdt 

for both groups t - it = I'oj’i - '686 (fe, 

(/-djs- 'iij-'oopds. 


putting (ft, = o'8/j, the excess of the value of the expausion of A which was detenmed in 1832 , over the value 
determiued in 1878 , we obtain finaly from al the observations 


iC - rffl? = ‘643 



I 
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No, 3. 

COMPARISONS BETWEEN THE 10-FEET STANDARDS 1^ 1^, AND A. 

These comparisons were made in the comparing room at Dehra Boon in April 1867 , with the double object of 
ascertaining whether the relative length of the 10-feet standards A and B had altered since Everest’s comparisons of 
1834 - 35 , and of connecting A with the European standards of length. The observations were taken early in the 
morning and late in the afternoon, commencing a little before and ending a little after the maximum and minimum 
readings of the thermometers suspended in the comparing room had been reached, in order that the momentary varia- 
tions of temperatures might be a minimum, and that the errors arising also from a lagging of the thermometers behind 
the temperatures of the bars, might be practically cancelled. Illumination of the dots and lines on the bars was 
obtained by lamps except in the cases where the contrary has been specified. 

The comparisons were made with the pair of micrometer microscopes known as G and H, recently obtained from 
Messrs. Troughton and Simms, which are described at the end of Appendix No. 1 . The runs of these microscopes were 

determined a few days previously on the inch [a J] of the new standard steel Foot IF and were as follows - 

1 division of the microscope G = 1*1511 milhonths of a yard 
Ditto H = 1*1074 Ditto 

The thermometers employed were for 4215, 42^1, 4011, for 1^ 4228, 4204, 4202 and for A 4227, 4217 ; they 
were compared with the standard No. 4246 immediately after the bar comparisons were completed : this standard was 
one of those compared by Captain Clarke with the standard No. 4142 which he had already carefully calibrated; see 
his Comparisons of Standards of Length, Chapter XT I Section, 2 , and Appendix No. 8 of this volume. Comparisons 
between these two standards were also made at Dehra during May 1867 . 

The factors of expansion for reducing the observed differences to what they would be at 62 *^ were, for and 1 ^ 
those given by Captain Clarke p. 216 , and for A that determined by Colonel Everest viz. ; 


for 

^3 

32759 

5 ? 

h 

21*159 


A 

a2'66g 


The comparisons are divided into three groups 

25 between and 
36 „ Ij5 and A 

28 ,, and A 

and are given on the three following on pages. 



COMPARISON OF BARS AND 1^ 


Date. 

Initials of observer 
at Microscope. 

Observed value of 
- lain 

Corrected tem- 
perakires. 

Correction to 
62 *^ Falirenlieit 
in 

0 

CO 5 

Pi 

0 h 

CQ * H ^ 

1 c3 

Eemaees. 

c 

H 

Micrometer 

divisions. 

Milntlis. 
of a 
yard. 


h 

h 

is 

22nd April 1867 , 

J. T.W. 

T.G.M. 

90'9^ 


iir2Z^ 

227*78 


70*18 

273-34 

173*08 

127*32 

Afternoon observations 













coinniencing at IQm 




85'4 

+ 

XI9-2 

230*31 

7 o ‘33 

70*26 

273-34 

174*78 

i3>-S5 

and ending at 5^ 27m. 


T.G.M. 

J.T.W. 

126*5 

+ 

80*5 

234*76 

7 o'S 9 

70*48 

281*40 

179-43 

^3279 





84*1 


125*2 

23 S '46 

70*77 

70*61 

287*30 

182*18 

^ 30*34 





I24’2 

+ 

86*0 

238*19 

JO*92 

70-73 

292*21 

184*72 

130-70 



J.T.W. 

T.G.M. 

82*6 

+ 

129*2 

238*16 

71*03 

70*85 

295*81 

187*26 

129*61 


23rd j, 

J.T.W. 

T.G.M. 

lo^ig 

4 . 

109*7^ 

244*78 

71*76 

n'li 

319-73 

205*46 

130*51 

Morning observations 













commoncing at 4 k 47m 




89*8 

+ 

124*8 

241*58 

71*68 

71*64 

317*11 

203*98 

128*45 

and endiag Gh 37 wi. 




92;’o 

+ 

122*6 

241*66 

7 I -37 

71*60 

313-30 

203*13 

131*29 



T.aM. 

J. T. W. 

ii.rs 


99‘7 

241*07 

71*58 

71*50 

313-83 

2oroi 

128*23 





iir6 

•f 

101*0 

240*31 

7 1 '30 

71*48 

311*21 

200*59 

129*69 





I 0 S 7 

4 . 

1 10*1 

243*60 

7i‘4S 

71*40 

309-37 

198*90 

1 3^5 *93 



J. T. W. 

T.G.M. 

105*8 

+ 

107*8 

241*17 

7 i '39 

71*36 

.307*61 

198*05 

131*61 


27 tih „ 

J.B.N.H. 

M.W.E. 

1 08 *3^ 

4 . 

138*774 

278*27 

74*21 

74*11 

399-99 

256*24 

^34*32 

Afi;ornoon observati ons 













(!{)rTimcn(ring at 4h 27 m 




9S’4 

•f 

154*1 

280*47 

74’36 

74-21 

404*90 

258*36 

1 ^ 33*93 

and oiuliiig at 6k 




lOI'I 

+ 

149*8 

282*28 

74-30 

74-33 

409*49 

260*90 

1,33-69 



M.W.E. 

J.B.lf.H. 

115*0 

+ 

I 3 S ’2 

282*10 

74*67 

74-31 

415*06 

264*70 

131-74 





121*0 

4- 

130*8 

284*13 

74*8o 

74*61 

419-33 

266*82 

131*63 





121*0 

4 . 

132*9 

286*45 

74-93 

74*76 

423-38 

269*99 

132*86 


28 th „ 


M.W.E. 

142*9^ 

+ 

63*774 

23 S‘o 4 

71*08 

71*26 

297-43 

i9S'94 

133*33 

Morning observations 













eoininoneing at 6k 44 w. 




U9*3 

+ 

89*5 

236*44 

71*09 

71*28 

297*78 

196*36 

^ 3^02 

and onding at 8k 47m. 



J.B.E.H. 

101*7 

+ 

io6*4 

234*89 

71*14 

71-34 

299*42 

197*63 

133*^0 




! 

96*9 

4 . 

110*5 

233*91 

71*27 

71-44 

303*68 

199*74 

129*97 





71*4 

+ 

140*5 

237*78 

71*42 

71-53 

308*59 

202*07 

131*26 



J.B.]Sr.H. 

M.W.E. 

?8*S 

4 . 

i33’6 

238*31 

71-33 

71*61 

312*85 

203‘34 

128*80 


Moans ... 


72*00 

71-93 



131*40 
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COMPARISON OF BARS 1^ AND A. 




Initials of observer 

Observed value of 

Corrected tern- 

Correction to 62^^ 

0 

e? 09 




at Microscope. 


1 — A in 


peratures. 

I^alirenheit in 

^ r !^ . 

^ 


•Tk , 












< t>> 

Ebmaeks, 

1 JbfATJfi. 






Milntlis. 
of a 
yard. 







c 

H 

Micrometer 

divisions. 


A 

h 

A 

1 

24tli April 1867, 

J.T.W. 

T.G.M. 

ir3-o^ + 

139*8/*^ 

284*89 

69*90 

70-23 

258*80 

186-56 

212*65 

Afternoon observations 





122*4 

+ 

132-8 

287-95 

69-94 

70-32 

260*11 

188-61 

216-45 

commencing 4A lOw 
and ending 5A Owt. 





H3’S 


II 1-6 

288*77 

69-99 

70-40 

261-75 

190*42 

217-44 

Daj'^diglit or siin-liglit 



T.Q-.M. 

J.T.W. 




287-17 

70*07 

70-52 

264-37 

193-14 

215-94 

reflected by Iieliotropea 
was employed forthese 





143*9 


109-5 

286*91 

70*16 

70-55 

287-31 

193-82 

213-42 

observations. 





126*9 

+ 

130*9 

291*04 

70-23 

70*60 

269*61 

194-95 

216-38 


25th 

») 

J.T.W. 

T.G.M. 


147*2/5- 

321-98 

71-74 

7r73 

319-07 

220*57 

223-48 

Morning observations 





127-4 

+ 

155-9 

319*30 

71*71 

71*70 

318-09 

219*89 

221*10 

commencing Ah Atim 
and ending 87^ 84w. 





I33’3 

4* 

H8-3 

317-67 

71*65 

71*61 

316-13 

2x7-85 

219*39 

The first ten obsorva- 



T. G. M. 

J.T.W. 

148*0 

+ 

134*0 

318-76 

71*61 

71-53 

314-82 

216*03 

219-97 

tions were taken by 
lanip-liglit, and the re- 





148-8 

-h 

131*2 

316-58 

71-53 

71-50 

322*19 

215-35 

219-74 

maiiider by day-liglit 





H3*9 

+ 

140-4 

32X-I3 

71-47 

71-41 

310*23 

213*31 

224*21 

or sun-Hglit, The 
inteiiBity of tlie liglit 





149-4 


134-6 

321*03 

7i'37 

71-31 

306-95 

2iro5 

225*13 

was clianged whenever 



J.T.W. 

T.G.M. 

154-8 

+ 

122*2 

313-51 

71-34 

71*22 

305-97 

209*01 

216-55 

the obsorvers changed 
microscopes and ad- 





162-8 


IIS*2 

314-97 

71-18 

71-05 

300-73 

205-is 

219*39 

justed tlie prisms to 



T. G. M. 

J.T.W. 

mi 

+ 

140*1 

315-96 

71-15 

71-03 

299-75 

204-70 

220*91 

suit tlioir own sight ; it 
a]3]>oar8 tl lat tliis c;han go 





m's 

Hh 

124*6 

316-99 

70-95 

70*81 

,293-19 

199-71 

223*51 

of cironinstsuKies aifecjt- 



J.T.W. 


mi 

4* 

129-3 

316-67 

70-91 

70*73 

291-88 

197-90 

222*69 

ed tlio results c-oiiBi- 
derablyj tliouglxwlulo 



T.G.M. 

I4-S'4 

4- 

128*3 

309-46 

70-89 

70-73 

291*23 

197-90 

216*13 

the circumstances re- 



T. G. M. 


nrs 

+ 

125-5 

308-78 

70*87 

70-73 

290-57 

197*90 

2 i 6*XI 

mained constant the 
results varied very lit- 



J.T.W. 

143' I 

4* 

138*2 

317-77 

70-83 

70-71 

289-26 

197*45 1 

225*96 

tle. This is supposed 





ISl'2 

4- 

130*4 

318-45 

70-84 

70-71 

289-59 

*97*45 

226*31 

to be due to the dif- 
fcront aapocts of the 
dots on standard A ac- 
cording as tlioy wore 

26tli 

31 

1 

J-B-KH. 

M.W.E. 

141*6^ + 

141*97/^ 

320*15 

72-75 

73-24 

352-16 

254*80 

222*79 

more or loss highly 
illuminated. 





i4S'4 

4- 

139*4 ^ 

321-75 

72-84 

73-33 

355-11 

256*84 

223*48 

Aftornoon observations 



M.W.E. 


135-4 

4 

^53*1 

325-40 

72-96 

73-43 

359-04 

259*11 

225*47 

cominoneing 37^ 46w 
and ending 57i 30??». 



J.B.lf.H. 

150'! 

4 

^37*4 

324-94 

73-13 

73-61 

364-61 

263*19 

223*52 






148-3 

4 

140*7 

326-54 

75-26 

73-72 

368-87 

265*68 

223*35 






140-7 

4 

151*7 

329-97 

73-39 

73-83 

373-13 

268*63 

235*47 


27th 

39 

J.B.]Sr.H. 

M.W.E. 

i46-95r + 

155-5/^ 

341-31 

73-45 

73-51 

375-09 

260*92 

227*14 

Morning observations 





158-6 

4 

139-4 

3.^6-94 

73-43 

73-48 

374-44 

260*34 

222*74 

commencing 67/- 43;;^ 
and ending 9/i 6w. 





143-6 

4 

159-0 

341-38 

73-42 

73-47 

374-11 

260*01 

227*28 



M.W.E. 

J,B.N.H. 

134-4 

4 

164-2 

336-53 

73-42 

73*48 

374-11 

260*24 

222-66 




1 


134-8 

4. 

165-1 

337-99 

73-43 

73-47 

374-44 

260*01 

223-56 






143-S 

4 

156-3 

338-27 

73-44 

73-49 

374-76 

260*47 

223-98 






132-3 

4 

163-9 

333-79 

73-48 

73-51 

376-07 

260*93 

218-64) 

Sun -light was employ - 



J.B.E.H. 

M.W.E. 

144-4 

4. 

156-7 

339-75 

73-51 

73-55 

377-06 

261*83 

224-52} 

for these two clifer- 
onceB. 

1 Means ... 


71*84 

71-95 



221*32 



COMPARISON OF BARS 1^ AND A. 



Initials of observer 

Observed value of 

Corrected tem- 

Correction to 

0 



at Microscope. 

1^ ~ A in 

peratures. 

62 ° Fahrenheit 

Ol ra 


Date. 







in mjy 

0 5^ 

I S C+H 

^ fZf 


c 

H 

Micrometer 

divisions. 

Milntlis. 
of a 

I.S 

A 

h 

A 

Betakes. 





yard. 






23 rd April 1867 , 

J.T.W. 

T.a.M. 

2775 ' 39 ' 9 ^* 

40*9 + 24*7 

76'o8 

74 ‘ 4 S 

71*02 

70-99 

190*86 

203-79 

89*01 

Afternoon observations 
commencing Zli 15 m, 




71-04 

71*02 

■:9i-28 

204-47 

87*64 

ending d'/i 32 m. 




32‘2 + 337 

74‘38 

71-04 

71-04 

191*28 

204-93 

88*03 



T.O-.M. 

J. T.W. 

32'7 + 30-8 

717s 

71-07 

71-04 

191*92 

204-93 

84*76 





34 ‘S + 33'2 

76'47 

71-09 

71-07 

192*34 

205*61 

89-74 





31-2 + 39-6 

79-76 

71*12 

71*12 

192-97 

206*74 

93-53 





44-6 + 2I-S 

7 S'iS 

71-14 

71-19 

i93'40 

208-33 

90*08 


24 tlx „ 

J.T.W. 

T. a. M. 

36-1^ + 36 Vi 

8r86 

7061 

70-32 

182*18 

188-61 

88*29 

Morning observations 




19*6 H- 5ro 

79-04 

7074 

70*21 

180*70 

i86-ii 

84-45 

commencing 4 Ji 27 m, 
ending 5/i 60 m, 




44*S 27*2 

8i'3S 

7o‘45 

70*18 

jyS’So 

185-43 

87*98 



T.a.M. 

J.T.W. 

42'9 + 34'3 

87'37 

70-38 

70*09 

177-32 

183-39 

93-44 





38’4 + 36‘6 

84-72 

70-32 

70*01 

176-05 

i8t-58 

90-25 





.38-8 + 36-8 

SSAi 

70*28 

69-93 

175-20 

179-76 

89-97 



J.T.W. 

T.a.M. 

51*8 + 32*3 

84-32 

70*18 

69*84 

i73'o8 

177-72 

88-96 


25 th „ 

J.B.N.H. 

M.W.E. 

28*7^ + 26*97^ 

33*3 + 20*9 

62-83 

61-48 

73-24 

72-31 

72-97 

216*67 

218*15 

248-68 

94-84 

Afternoon observations 
commencing 4 A 0??^, 




73'03 

250-04 

9377 

ending 6A 2 Qm . 




29-9 + 2S*3 

62-44 

72-47 

73-18 

221*54 

253-44 

94-34 



M.W.E. 

J.B.]5r.H. 

23*9 + 27*8 

58-30 

7279 

7370 

224*08 

256-16 

90-38 





27*6 + 25*2 

S9'68 

73-74 

73'44 

227*25 

25973 

91-76 





26*9 + 25*2 

s8-88 

72-86 

7373 

229*79 

261-37 

90-46 


26 tli „ 

J.B.N.H. 

M.W.E. 

26*6^ + 41*0/^ 

28*3 + 37*9 

76-03 

7475 

72-63 

72-68 

224*92 

224*08 

242-10 

239-61 

93 ' 2 i 

Morning observations 
commoncing 6/^ 38 m, 




7279 

7277 

90-08 

ending 8/-^ 63 m. 




34*8 + 30*2 

73'49 

7271 

7271 

222*39 

238-25 

8975 



M.W.E. 

J.B.]!r.H. 

26*0 + 40*3 

7476 

72-49 

72-49 

231*96 

237-80 

90-40 





33*4 + 29*9 

71-36 

72-49 

72-48 

221*96 

23777 

87-17 





3o*S + 34*6 

73‘42 

7270 

72-47 

222*17 

23774 

88-59 





38*1 + 26*1 

72-76 

7273 ' 

7272 

222*81 

238-48 

88-43 



J.B.E.B:. 

M.W.E. 

39*6 + 23*3 

73-82 

72-56 

7276 

323*44 

2.3978 

89-76 


Means, 


71-64 

71-71 



89-94 
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COMPARISONS BETWEEN THE 10 -EEET STANDARDS. 


Computing the probable errors on the assumption that tLere are no constant errors in the foregoing results we have 

= 131*40 ± *27 millionths of a yard 
Is - A = 221*32 d= *44 » 

- A = 89*94 ± *33 „ 

Of the above mentioned groups the first was intended to shew whether the relative lengths of the standards I ^ 
and I had sensibly changed from the value obtained by Captain Clarke viz. 131*46 m.y] see Comjiaruom of Standards 
of Length, j). 280 ; the accordance is sufficiently close to warrant the belief that no such change had taken place. 
Subsequent investigations have shewn that the factor adopted for A was slightly erroneous, and the effect of the error 
on the above determinations has been considered in Appendix No. 7 . 


W. H. COLE. 
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No. 4. 

COMPARISONS OF THE SIX-INCH BRASS SCALES OF THE 
COMPENSATED MICROSCOPES, 

Of these scales, known as i¥, P, R, S, T, U, 7, and W, the first seven were constructed by the Mathematical 
Instrument Department at Calcixtta, under directions from Colonel Everest ; they were made of cast brass and each 
provided with a micrometer screw, as the microscopes to which they belonged had only fixed wires, and could not there- 
fore be made to measm-e their own differences from their ' scales. These scales were first brought into xise at the 
measurement of the Dehra base-line in 1835 and were then compared under Colonel Everest’s superintendence with 
Troughton and Simms’ 6-inch standard The comparisons and their reduction will be found on pages 14 and 15. 
The thermometers employed on that occasion were distinguished by the lettera of the microscopes to which they 
appertained j they were compared with two standards named o- and o-j and index corrections were obtained to reduce 
them to the mean of the two latter. The comparing microscopes are described in Appendix No. 1. The run of the 
micrometer microscope was determined on the inch [7-8] of Cary’s scale and found to be = -000,050,841 of an inch, 
or 1-4123 tn.y. The factors of expansion of all the scales were assumed to be -000,010,417 for 1° Fahrenheit, the 
corresponding linear expansion being 1-735 m.y. 

In the year 1866 two new microscopes named V and W, with scales attached, were received from Messrs. 
Troughton and Simms; and the following year all the scales, with the exception of P, which was then in England 
undergoing repair, were compared with the space [cf.l] on the stanchkrd foot I F, by five observers employing the micros- 
copes G and H, the linear value of one division of G being = 1-1511 m.y. and of H == 1-1074 m.y. The thermometers 
made use of wore for 

Standard Foot I F ... ... 4215 

Brass scales M, J?, W, A, ... 4204 
„ i7, N, T, F, 4011 

These comparisons are given on pages 16, 17 and 18. 
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COMPARISON OF THE SIX-INCH 














BRASS SCALES IN (835 


A - Z 

in milliontlis of a 
yard. 


A - 8 

milliontlis of a 
yard. 


^ ria o 

<D y-j 4j 

^ O 

r UrS 

^ 4> 


A - T 

in millionths of a 
yard. 

L H O 

i ^ o« 


A-U 

in millionths of a 
yard 

d 1 ft 2 o 


•L 0 *^0 

S § S 
S a ca CD 
Q 



2-s8 
± ‘33 


+ 2'o8 
± ‘34 


+ 2’7I 

± “38 


- r86 

± '34 











COMPARISONS OF THE SIX-INCH BRASS SCALES IN 1867. 


COMPAB.ISONS OF THE SIX-INCH BRASS SCALES 
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Collecting the results we have 


by Colonel Everest in 1835. 

by observations at Mussoorie in 1867. 

A — M = + o‘57 ± o‘3i m.y. 

[d-l]- M = - 3-54 d= -49 m.y. 

A ~ F = — io’o8 ± o’2g „ 

[dZ] — iV = — 11-98 ± -67 „ 

A - P = - 973 ± 0-3J „ 

1^ d,l J — JK — — 8 44 ^ '.5^ 

A — P ~ ~ 2^ 8^:033 J) 

— A? = 4 - i ’59 ‘33 j> 

il — = 4 " 2‘o 8 db o'34 >) 

\_d.l \ — T = 4 - a‘o6 ± -37 „ 

^ 271 ± 0-38 „ 

\_d.l'\ — U = — 10-03 d= ‘56 „ 

A — U — — y86 db o’34 „ 

[d.l] - F = + 4-37 d= -53 „ 

[( 7 .^] - IF = 4 - 1-91 d= -53 „ 

[d.l]- A = 4 - S'SS ± -90 „ 

These results are fully discussed in Section 8 of Chapter JIT. It only, remains to state that the above probable 

errors of the results were determined, for the observations of 1835, from the diflerences between the individual com- 
parisons and the mean of all; for the observations of 1867 they were determined from the differences between the 
results by each observer and the mean of the results by all the observers. Fifty comparisons with the standard were 

taken on the first occasion and only twenty on the second, 

which accounts in some measure for the probable errors of 

the first comparisons being apparently less than those of the second. But this circumstance is more likely to bo due 
to more observers having been employed in the second instance than in the first, and consequently to the influence of 
the personal equations in increasing the magnitude of the discordances between the individual results ; see Section 1 
Chapter III. On the other hand, where there is a liability to personal equations, the result of the mean of the observ- 

ations of several observers is in reality preferable to that of 

a single or a few observers. 

No details are forthcoming as to the persons by whom the comparisons in 1835 were made; for the subsequent 

comparisons the initials of the observers have been given. 


The probable error of observation for each observer, 

in a single comparison of any one of the scales with the 

standard of reference, is as follows : — 


J. B. N. H. 

db 0-69 

W. J. H. 

db 0-69 

T. G. M. 

db 0-77 

H. E. T. 

=b 0-92 

M. W. E. 

db 0-93 

Observers in 1835 

± a ’35 

The probable error of observation, for each scale, in a single comparison with either standard by any one of 

the observers is, 


in 1835. 

in 1867. 

M ... db 2-23 

M ... ± '97 

N ... db e'04 

R’ ... i '95 

P ... db 2'47 

R ... d= -92 

R ... d: 2'32 

aS ... ± '92 

S ... d= 2*38 

P ... ± *62 

T ... ± 2'64 

77 ... i '52 

U ... ± 2'33 

F ... ±'6o 

W ... db *91 

A ... db '52 


W. H. COLE. 
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J^IPIPEISTDIX:. 

IXo. 5 . 

DETERMINATION OF THE LENGTH OF THE INCH C7.8] ON CARY’S 

3-FOOT BRASS-SCALE. 


The inch [7.8] on this scale was, prior to the year 1868, employed at all base-line measurements to determine 
the runs of the micrometers of the microscopes ; but it was not until the recess season of 1869 that a favourable op- 
portunity offered itself for investigating its relation to the 10-foot standard A. This investigation was then rendered 
simple by the possession of the standard foot IF, on which Captain Clarke had carefully determined the linear value 
of the inch [a.i] in terms of the ordnance standard yard Ygj : and as the length of A relatively to that yard had been 
recently determined, see Chapter 3 section 6 , it only remained to compare [ 7 . 8 ] with [a. 6 ] to obtain the required 
relation. 

Six observers were employed in taking the necessary observations ; and it having been found that the microscopes 
G and H could not be set up at a less distance apart than five integral inches, the 5 and 6 inch spaces [b.g] and [a.g\ 
on IF were selected and compared with the corresponding spaces [8.13] and [7.13] on Cary's scale. These comnarisona 
are given in the following tables. The runs of the microscopes were ^ 

1 division of G = ri jii m.y. 1 division of H = 1-1074 m.y. 

The thermometers employed were 4218 on IF and 4217 on Cary’s scale, the bulb of the former was let into one of 
the wells in the foot and contact was secured as usual with olive oil, the latter could only be made to touch the scale 
externally, no hole having been bored for the reception of a thermometer ; the mean of the two thermometers, 
after correcting for eiTors, was assumed as the temperature of both bars for the comparison concerned. As both scales 
were compared in a room subject to very slight variations of temperature, the error introduced by the assumption may- 
be considered as insignificant. The factor made use of for IF was -000,006,347,8, or Captain Clarke’s second factor 
for U, and it was assumed that .the factor for Cary’s scale was H of the factor of I F. These assumptions are sufficiently 
approximate for the result sought and were made in compliance with Colonel Walker’s directions. 



DETEEMINATION OF lENGTH OF INCH [ 7 . 8 ] ON CAEY’B SCAIE. 


ai 


Date. 

Olisomr’s 

initials. 

[ 5,^1 - [ 8 . 13 ] 
observed. 

Corrected tempera- 
ture. 

In Mira’ometer 
divisions. 

In m.g. 

1869 . 




0 

Sept. 7 tli 

J.B. N.H. 

— o'8p — 

-i8-97 

68-3 



rg i6'6 

3076 

68-3 



o'3 1 8 ‘4 

2072 

68-3 



rij i6’6 

20'10 

68-3 



r8 18-3 

2 i -33 

68-3 

„ Stli 

T. a M. 

— I'lg — ig'^jli 

— 34'34 

67-1 



3 ‘9 

33-86 

67-2 



0'2 32-3 

35-14 

< 57'3 



+ 5'3 2 , 7-(5 

24 44 

67-4 



2M 23-4 

33 ‘47 

f' 7'6 

„ 8th 

0 . L. 

+ 

-23-99 

68-3 



o ‘8 3 1 ’8 

23 *23 

68-4 



— I '3 19-0 

22 Ml 

68-6 


1 

+ O’l 20‘3 

32 '3 7 

68-7 


1 

+ 3'6 33 '6 

32 -04 

68-8 

„ 9 th 

II. li. T. 

- 6;i(j-ig'^l>} 

— 36-19 

66*7 



rg 2 . 1 '3 

4^77 

66-8 



+ 0'3 22'3 

34-36 

66-9 



+ . 3 '! 23‘4 

34-56 

67-0 



- 5-0 167 

34-33 

67-1 

„ 9 th 

H. IL 

4 rzrj—jS-oJi 

— 18-55 

67‘3 



3 ‘o i 9'3 

19-08 

67-7 



27 T7-3 

16-07 

.<57'6 



o‘8 i7'6 

18-58 

67-6 



o'o :t5‘3 

16-84 

67-7 

„ 10th 

T.T.C. 

+ ri[/ — ir^li 

—33-33 

65-1 



o’5 18 '4 

19-82 

65-8 



3-3 24-0 

33-77 

66-0 



lo'o 31-0 

22-83 

66-1 



13'2 32-9 

31-33 

66-1 


Correction to 62 ® 
IFalarenlieit, 

cj 

m 

CO 

tH 

i \0 

1 

r-i 

1 1 

Mean of each, 
ob server in 
m.i/. 

Eemiees. 

m.y. 




h. m. 

+ 4’44 

- 147. 


Commencing 

3 45 P.M, 

4'44 

16-J 


Ending 

3 45 

4*44 

16-3 




4 44 

15-7 

> 



4’44 

irg 

— i6-:i 



+ .579 

20*y 


Commencing 

0 15 P.M. 

3 ‘67 

20*2 


Ending 

1 41 „ 

374 

21*4 




3-81 

20-6 




,3-88 

19-6 

- 207 



+ 4'37 

— 19-6 


Commencing 

3 50 r.M. 

47 '^ 

18-7 


Eliding 

4 38 » 

4-66 

17-9 




4-73 

17-7 




4-80 

17-3 

— 18-3 



+ 3‘32 

- 33-9 


Commcnoiug 

t l 35 A.-M. 

3-38 

33-4 


Eliding 

0 45 P.M. 

3 ’46 

20-9 




373 

3 rc 




379 

30-6 

— 3 I ’6 



t 374 

- 14-8 


Commencing 

3 30 P.M. 

4-02 

I5-I 


Ending 


3-88 

12-2 




3 ' 9.5 

14-6 




4-02 

12-8 

- I 3'9 



4 - S’lQ 

— ■ 20-1 


Commencing 

I i b A.M. 

3-68 

17-I 


Ending 

I 15 r.M. 

3-83 

30-0 




3-89 

19-9 




. .3-89 

18-3 

— 19-1 




Means 6)‘4 — 



DfflmMIlfAM Of lEKGTH OP INCH [ 7 , 8 ] ON CARY’s SCALE. 



SepilOth J.B.EH. _ o-^p. 


C. L. 


,* 15 tL E K. 


+ 4*1 

11*1 

i4'5 

19*7 

4*0 

IXO 

0*1 

6*8 


T.EM. 




„ 14 th E E T. 


0*9 

4*3 

— 0*6 

1*7 

2*4 

0*3 

2 ’t 

n 

- o-ppr- 

- 5 * 67 ^ 

+ 0*5 

6*3 

- 1-3 

5*6 

— 1*0 

f 9 

+ 0*1 

6*x 

-• CL-ig- 

- 8*4A 

n 

8*9 

0*5 

10*6 

I ‘3 

9*7 

0*9 

10*2 


T. T.G. 


-i2‘op+ 5‘5^, 

— I4’i + 8‘o 
+ rp “I 3’9 

— ifi +i2'9 

+ 2^5 ■ 


7'99 J 66-3 
7 - 5(5 66-3 

5 ’i 3 ' ( 56’4 
7*58 66-4 

7 ‘43 66-4 

378 54*4 
3-95 ( 54‘5 

2*57 ' 64-6 
3-09 64-7 

4‘3o H'8 

7-24 55*4 

6-63 65-6 

T^9 ^5'9 
6'58 6(5*0 

6'(54 66*2 


•f 3‘0'1 
3 ’o^ 
3*ic 
3 ‘ic 
3‘ic 

■f i‘6y 

1*77 
1*83 
I ‘90 
i ‘98 

+ 2'4a 
2*54 
2‘76 
2*82 
2‘97 

+ 2‘12 
2*25 
2'33 
2*40 
2*47 

4- 2*89 

2*97 

3 ‘Jo 

3*17 

2*97 


■ ^*35 <55*3 + 2*47 

7‘33 <55*6 2*54 

9’44 65*7 2'6 i 

jo-io 657 2’6 i 


12*24 <55*4 

12*34 65*5 


Commencing 

h. m, 

2 20 P.M. 

Ending 

3 20 „ 

Commencing 

II 30 a.m:. 

Ending 

0 30 P.M. 

Commencing 

2 50 P.M. 

Ending 

4^7 n 

Commencing 

n 43 A-M- 

Ending 

0 40 P.M. 

Commencing 

2 0 P.M. 

Ending 

3 3 »> 

Commencing ; 

tl 50 A.M. 

Ending 


Means 


^3’7 




DETERMINATION OF OTOTH OP INCH [7.8] ON CARl’s SOAIR. 

From the preceding comparisons it appears that 

n,y* 

- [8.13] = - i84 
M — [7.13] = - 4-8 

and [a. 6 ] - [ 7 . 8 ] = + 13-4 ± -pS j 

The probable error has been computed from the differences between the values of fa 51 ~ r-? 81 iw v t, 

and the general mean of the same. L 7 - 8 J obtained by each observer 


From page (29) of this Volume, 


hence by equations 1 and 2 


[«-^] = 4 A 


TO.y. 

i‘ 3 o d= *075 


[ 7 - 8 ] = 4 A ~ 147 ± 783 


In forming equation 1 the computers fell into the error of using a table of e.xpansion for sa-inches on 
IF the hve-mch spaces to 62 Fahrenheit, and this was not discovered till recently; the effect however is so 

slight that It has not been thought advisable to alter the computations, which would necessitate minute corrections in a 
large amount of work already disposed of. It will be seen from tlie comparisons of the five-inch spaces that 

[5.y] — [ 8 . 13 ] = — i 8 -a m.y. 

•joimp.perl Fahmiheit, whoraa .1 ought to havo boou -588 ».y.,aud the differeuco x V 4 Sites a Jmoam 
— 6 m.y. to be added to the above value of [5.y] -- [ 8 . 13 ] which thus becomes — i 8'8 m.y. 


therefore [ 7 . 8 ] 


i5‘3 ^-y- 


Ab the rausof the micrometer are lece than ^5 of an inch to one division and eeldom more than 200 or 300 diviaions are 

made uaeof. the error canaedbjadifferenoo of in the value of the inch wonldhel«th.n^^„..„.in 300 dimions 

Of the micrometer, or ‘009 m.y., a quantity which is practically of no importance. 


The table given on page (22) when corrected for the above-mentioned error becomes as foUows 



The changes here made have no appreciable effect on the results deduced on page ( 23 ), 



:p :p IE 1 X . 


m. 6 . 


COMPARISONS BETWEEN THE lO FEET STANDARD BARS 1^ AND A FOR DETERMINING 

THE EXPANSION OF BAR A. 


These experiments were made at Masnri on the Himalaya mountains, in Lat. N. 30° 28', Long. E. 78° 7', Height 
above sea level about 6900 feet, during January and part of February 1870. Preference was given to this hill site, because 
slower natural temperature could be commanded here than at the smaller elevation of the plain country below ; and the 
event proved that the precaution was essential, for the winter was exceedingly mild, so that even at the altitude chosen, 
the lowest temperature to which the bars fell was only about SO"'. For low temperatures, the natural cold prevailing 
was accepted. Heat was supplied by means of hot water. 

(2.) The only room available for the purpose, was one built some 4 year before for Pendulum experiments. 
It was 14 X 12 X 10 feet in dimensions, and for comparisons of bars 10-feet in length was much too small. Further, 
atatiding on the crest of a bill, it was exposed to the influences of the sun and wind. On the other hand, the walls were 
so much as 2 feet thick and the roof was a solid structure of slates, bricks, gravel and lime- The doors and windows 
also were all double, excepting the window to the west, which during the experiments was adopted as an entrance ; but 
as the window opened into a small transit room with a suitable outer door, this opening was also well secured. 

(3.) With the exception of the western window, all the other outlets were permanently closed and stout paper 
pasted over the crevices. For purposes of ventilation, a tin tube 6 inches in diameter was passed through the southern 
wall. Its outer mouth could be partially or completely uncovered as desired : the inner orifice opened upwards, near 
the roof, about the centre of the bar room. Externally, the entire building (the roof as well as the walls) was coated 
with thatch at least 9 niches deep. And after these precautions had been taken, it was found, that the range of tem- 
perature within the closed bar-room, during the 24 hours, did not exceed 1° Fahrenheit. Owing however to the small- 
ness of the room, this range was increased to some 2“, during a visit, by the presence of the observers and the heat 
from the lamps, as appears in the tables of comparisons hereafter given. 

(4.) The apparatus in the bar-room was copied or adapted from that used by Captain A. E. Clarke, R.E., C.B. 
Ordnance Survey and described at length in his volume entitled “Comparisons of the Standards of length 1866.” The 
Comparing microscopes stood east and west of one another on slabs of stone, which were placed on solid frustums of 
stone pyramids isolated and sunk into the ground some 22 inches. Symmetrically between the pyramids and about 5 
feet apart two beams ran meridionally across the room and were let into the walls, their continuity to the south being 
broken at will by the raising and lowering contrivance (or bar-trap) constructed after Captain Clarke’s design. The beams 
carried well planed, iron rails on which the bar-carriages worked easily and regularly. For greater rigidity the beams were 
propped' up by upfightS directly under the line joining the microscopes, and this was all the more necessary that the 
bar-carriage during observation, as at other times, stood on the beams. The bar-carriage was simply a deal plank 7-5 feet 
X 12 inch X 3-3 inch mounted on well turned brass wheels. The camels stood on the plank and they in turn supported 
the carefully packed case (or har-box) containing the bar. 
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(5.) The bar-box was made tip as follo'ws. A. deal plank 11' x 12" x 2" represented the bottom of the box. 
The upper surface of this plank was covered over with stout country felt. Through this felt, along the middle longi- 
tudinal line, two brass rollers were screwed to the plank, at the required points of support; so that w'hen the bar rested 
on them, its mid-height agreed with that of the surrounding water boxes. On both sides of the bar and also around 
its butts there ran the water boxes, which in transverse section were 2 ’6" x 5" 3". The water boxes-were coated externally 
with felt, and a wooden case fastened down over them to the bottom of the bar-box. Every crack or hole in 
this outer wooden case was carefully stuffed with paste and wool, and finally the whole box was enveloped in a double 
blanket jacket. The bar was thus almost hermetically sealed, at the same time that it touched nothing but its rollers 
and so w'as perfectly free to expand and contract. The thermometers let into the bar were read through panes of glass 
fixed in the cover of the box, and the lines (or dots) wei'c viewed through conical tubes similarly fixed, whose smaller 
ends, terminated about J inch al)ovo the bar, and were some 0-2 inch in diameter. 

(6.) The supply and overflow pipes, were placed on a side of the box about its mid length as in Captain Clarke’s 
construction. The discharge pipes however protruded through the bottom, of the bar-box at the ends of the water 
boxes. The supply pipe was connected by means of a flexible tube with a tap, fixed in the eastern door. The tap in 
turn was connected with the hot water tank of which further mention is hereafter made. The overflow and discharge 
pipes (each with a tap) were all connected by flexible tubes with an iron pipe laid down east and west along the floor 
of the room, and it was so arranged that the latter pipe discharge its water into a tub placed alongside of the hot water 
tank. As the tub filled, the water was returned to the tank, and thus the heat acquired was economised as far as practi- 
cable. A speaking tube admitted of communication between the bar and tank rooms. 

(7.) The water boxes, contrary to requisition, were unfortunately made of thin sheet zinc, so that when the boxes 
were full and water was flowing through them in a continuous stream, the sheet zinc bulged at various places towards the 
bar, and the internal sides of the water box, next to the bar*, no longer presented plane surfiices. Had time permitted' the 
water boxes wo\ild have been replaced by others made of more rigid material, but in the absence of such improvement the 
tendency to bulge was anticipated and partially checked by contrivances which need not be enumerated. It was however 
agreed that by increasing the space between the bar and the sides of the water box, the irregularities of the latter sur- 
faces would have smaller effect in heating the bar unequally. Accordingly these spaces were increased to 0-8 inch : and 
it was found after the experiments, that owing to the yielding of the zinc, they now varied from O' 8 to about 0-6 inch. 
The inci'eased space naturally load to the difficulty, that intentional changes in the temperature of the water were taken up 
very slowly by the bar, and it thus became necessary to maintain the temperature of the tank contimrously by day and night. 

(8.) It remains to notice aii evil in connection with the water boxes, which from -ft'ant of time could not be re- 
medied. It was found tliat the end pipes did not discharge at an equal rate ; and this was traced to the choumstances that 
the orifice of tlio supply pipe was not tlio highest point in the water box. Thus air collected at certain higher passages 
and obstructed the flow. This evil was controlled as far as practicable by careful watching, so that its effect became 
nearly constant in nature. It is however to the unequal discharge at the end pipes, that the difference iu reading be- 
tween the two tliennomcters of each bar when hot, is to be chiefly ascribed. 

(9.) The tank and boiler were set up in two little rooms adjoining one another, which were built up roughly 
east of the bar-room. These two rooms were separated from the l)ar-room by an open passage some 8 feet in ■ftfidth, and 
as the boiler stood cast of the tank, the fire place was thus removed as far as practicable from the bar-room. 

(10.) In sliape the l)oilcr was the frustum of a cone 12" deep, 9" lower diameter and 12" upper 
diameter. It was made of iron and its u])per surface terminated in a bent tube with flanges. The tank for hot 
water was. a rectangular box constructed of sheet iron 3' x 2' x 2' in dimensions and enclosed in a wooden 

case. A bent iron tube was passed tlu'ough and rigidly attached to the bottom of the tank : the end which 

opened inside tlie tank was covered by a perforated plate (or strainer) while the outer extremity terminated 
in flanges. A connecting tube, with flanges at both ends, was fixed by bolts and nuts to the tube at the top of the 
boiler and to the other tube at the bottom of the tank. Thus the boiler was a completely closed reservoir, and 
could be filled only through the tank. The connecting tube was 4' long and 2" in diameter. The side of the 

tank furtherest from the boiler was fitted near the bottom of the box with a discharge pipe whose inside orifice was 

covered with a strainer : this tube fed the water-boxes. The tank was also provided with a cap, which could be removed 
at pleasure, and with paddles for mixing the water. Its upper surface was pierced at three of the corners and fitted with 
short tubes. Into two of these tubes funnels with strainers were introduced. The third tube contained a thermo- 
meter by which the temperature of the warm water was ascertained. Of the funnels, the larger one served to receive 
the 'warm water from the tub as it returned from its circuit through the water-boxes (Art 6), while the smaller funnel 
was fed at pleasure from a tap communicating with a cistern of cold water. Thus the temperature could be increased or 
decreased at will by regulating the fire under the boiler, and it could be further diminished by resorting to the cold 
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water tap. It was found however that the latter aid was unnecessary, excepting to restore such small volumes of water as 
ran to waste. The large difference between the solid measures of the boiler and tank (about 1 to 1 4)- and the small 
surface which the former exposed to the fire, secured the result that sensible variations in the intensity of the fire pro- 
duced but little change in the temperature of the tank. Thus a common laborer, under occasional directions, could feed 
the fire with sufficient nicety to maintain the hot water within ± 0°-5 of any required temperature. 

(11.) From what has been stated, the following description of procedure with respect to the water supply will 
be readily apparent. The tank (including boiler) was in the first instance filled with water and a brisk fire lighted and 
maintained. As the water began to heat, the supply and discharge taps in the bar-room were opened and subsequently 
adjusted, so as to secure a small but decided discharge from the oversow pipe, as well as an equal discharge at the two 
end pipes. After these adjustments had been made, it was ascertained that were the supply cut off, the water bos 
w’ould empty in about 4 minutes. At the same time that the boxes were in course of filling, additional water was 
poured into the tank; so that in the end, the water boxes were full and discharged at the regulated rate ; the discharge 
in the receiving tub near the tank was caught and restoi'ed back to the tank, and the water level in the latter was 
maintained, as required, at a constant height. It now only remained for tire assistant at the -thermometer in the 
tank to raise the temperature of the water and maintain it at the required lieat. This was done gradually, the assis- 
tant (an intelligent native) as well as the workmen being relieved at intervals. As already mentioned (Art 7) it was 
necessary to maintain the heating process by day and night, without iutermission, throughout the series or set of obser- 
vations. Thus for series No. 1 (both bars hot) the heating was maintained continuously from about the evening of 4th 
to 13th January. In series No. 3, both bars being cold, the fire was extinguished, the supply and dischiirge pipes 
stopped, and both, water boxes kept full of water w'hich gradually settled down to the temperature of the room. For 
the remaining series, Nos. 3 and 4, the heating was maintained continuously from about the evening of 20tli Jaimary to 
the 4tli February. 

(13.) Returning now to the bar-room. The following particulars may be collected together in this place. The 
counterpoises working the sliding frames in the bar-traps weighed 641 lbs. The considerable weight of tlie bar-boxes 
implied by that of the counterpoises, lead to a satisfactory amount of stability in the bars wdicn mider the microscopes. 
Owing to the great width of the bar-boxes, they were moved longitudinally on the camels by hand, instead of 
by the slow motion screw, when being brought under observation ; a procedure which their weight facilitated. Even 
the transvei’se motion was obtained chiefly by moving the carriage, lest a liberal use of the screw should di.stroy the equili- 
brium of the camel. The thermometers were read through reading lenses because the air tubes in tlie water boxes were 
erroneously placed, so that the thermometer reading-tubes could not be employed. The lines (or dots) on tlie bars wore 
illuminated by means of artificial light ; eadi observer being su})plied with a small oil lamp, whioli ho used for this piurpovSe 
as well as for reading the thermometers. Tliis entailed the re-setting of the lamp to suit the prism of the microscopo 
after every thermometer reading, a necessity which in the absence of experience at first caused some delay. It was 
however deemed of importance that no more lamps should bo introduced into the bar-room during work than were 
absolutely necessary, so tliat the removal of the lamp from the microscope to the thermometer and vice versa became 
unavoidable. 

(13.) The bars compared were the two 10 feet standards I, (steel) and A (iron). They are described at pages (3) 
and (3) of Section 1 Chapter I. Eachbar was supported at two points on brass rollers, the points of support for being 

determined by Mr. Airy’s formula — where a is the length of the bar and n the number of supports. A was 

supported at 3-^- feet on either side from its centre, these being the points on which this bar has always rested since its 
construction. Two therinoraetera were introduced into each bar, in the existing cavities at about 3.| feet from its centre, 
and contact between the thermometer bulb and the bar was secured by means of ordinary salad oil. The ther- 
mometers had bent bulbs so that the stems were laid fiat on the bar. They were graduated on the glass to every half 
degree from 30° to 100° Fahrenheit. Tlie comparing microscopes employed (G. and H) were the new pair by Messrs. 
Trpughton and Simms described at page a of the Appendices. They were set up so, that the distance between tlieir 
zeros was always less than the length of either bar, and thus an increment in the reading of the microscopes denoted an 
increase in the length of the bar. Throughout the four series of bar comparisons, the microscopes were never moved 
or disturbed accidentally or otherwise in any way: their adjustments needed no alteration and their saliility was 
excellent. The errors of the thermometers (see Appendix No. 8) and the linear values of the micrometer screws were ascer- 
tained directly after the conclusion of the bar comparisons. A thermometer protected by a glass case, perforated at the 
bottom, was hung within the room, and a similar one was suspended outside in the shade north of the building. 

(14.) Owing to certain mechanical defects in the construction of the bar-boxes, it was found more convenient 
to adapt the bar-box of for lowering into the bar-trap, to make the other bar pass above it, and to coiniucuce a 



WITH THE STANDARDS I^, AND A. 1'J 

compariaon by always placing bar A first under the microscope. A comparison comprised 4 groups of observations 
as follows 

1st Group of observations on Bar A "1 

2nd „ L.. . 

o j I > Giving one comparison 


Each group of observations consisted of the following readings, the observers being understood by h and e 


West 


East 


Microscope Thermometer 



The aboYe readings in each horiy:ontal line were made Bimultaueoiisly, and tins condition was essential in the case 
of the micrometer readings, because the bar when under observation could not be isolated (Art. 4), as was done during 
Captain Clarke’s experiments. It will <also appear from tlie foregoing, that in the table of comparisons given hereafter, 
each inean teniperature is obtaiiied from 10 .readings, and each inicrometcr result from 24 readings (12 with each mi- 
croscope). Hence the 120 bar coniparisous taken, involved 3840 readings of the thermometers and 5760 of the mioro- 
metex’,* 

(15.) The Bar room was visitod by the obsexwers daily at about 9 a.,m. and 2|r m.p. Commencing with the 
former hour; work was begun by reading tlio outside tliorinoineter. Tdio external door was next opened and closed beforo 
tlie observers entered by the western window (Art. 3.) T lie thermometer hanging in the room was read, the lamps lighted 
and bar A brought into position and focus. A bar once brought into good Ibciis would gciiGrally remain well adjusted 
in this respect for days, though in tlie interim it liad been wliocled to and fro several times, besides being sunk into the bar- 
trap. After taking a group of observations on A, the bar gave place to 1^ on wliich two groups were taken, in turn 
gave place to A, ou whicli a group of observations being taken, one comparison stood completed in some 45 minutes of 
time. In general tlirec comparisons were taken at each visit, at the end of which, the bars, when hot, were wheeled 
away as far as praoticalile from the microscopes and left in this position ; after tins the inside and outside thermometera 
were read and recorded. The tomperature of the tank was now generally raised some ^ a degree, an increase of heat 
Biitliciently small for the bars to acquire daring the sliort absence of tlie observers. Iternarks similar to the preceding 
apply to the visit at 2 |- p.m., with this difference, that on leaving the bar room for the night, the tempei-ature of the 
tank was decreased l)y about 2|‘ degrees, a cliange to which the bars adajited themselves before wox'k was resumed next 
morning. In fact no large clianges of tGiiiperatiire were practicable within the intervals of successive visits, for owing 
to the considerable space (0*8 Incli) between the bar and water box, the former was exceedingly slow in receiving 
changes of temperature. Of tlie two bars was far the slowest in this respect, as was to bo expected. Under an alter- 
ation in the tank of 3 degrees, tins bar lias been noticed to take so much as 2 hours in paiffing with the last degree 
of altered temperature. 

(IG.) Tlie bars wei'e conqiarcd under four different conditions viz : — 

Series .No, i 30 coinparisons, both bars hot. 

,, 2 30 „ both bars cold. 


I r, hut and A cold. 

.. 

1 n cold and A hot. 


these comparisons are given in the following tables. 


Tie Tar jird ThriTPcrr.cier GcrnpHripons and the Micrometer runs iriTolred in these experiments were all taken by the same observ- 
ers, t.tf. by J. B. K. Ileimes&ey, Kbcp and li. Cole, Esq., 



COMPARISONS Ictween the \Q-feet Standard Bwr b and A. Series No. 1 ; botli Bars tot. 
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* D here stands generaUy for the distance beti^een the zeros of the two micrometers, reckoned as constant during each comparison only. 
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WITH THE STANDARDS 1 , 5 AND A, 
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D here stands generallj for the distenee between the zeros of the two imerometers, reekoned as constant during each compar^n onlj. 
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EXPANSION EXPERIMENTS 


( 17 ). Suppose now, that 1^ — A = 2 when both the bars l^and A are at the temperature r ; also let the ex- 
pansion of for 1° Fahrenheit = a, and its lengths at temperatures t and T respectively = and . Similarly for A, 
let its expansion be denoted by y, and its lengths at temperatures t and f respectively by Ij. and l^; then 

(y - t) a: - (t ~ r).y = 
or writing Z^—l^ — d 

{T~ r) « - (< - t) y = (Z - a = 8 ............ (1) 

( 18 .) The circumstances of the comparisons of series No. 2 , when both bars were cold, are most favorable for 
determining the difference of length between the bars. The mean results of this series give A =90-48 m.y 
when the temperature of I^was 5i°'87 and that pf A was 5i°'84. Adopting Captain Clarke’s value for x = 21-159 
it is found, that — A = « = 89;85 m-y, when hoth the bars are at the temperature r — 5i°‘84. 


( 19 .) Substituting these values of « and t, there results, from each of the comparisons Nos. 1 to 30 and 
Nos. 60 to 120, an ec[uation in « and y similar to (i). The numerals of these equations may be conveniently tabulated 
as follows ; where, for instance' the fii-st horizontal line, under “both bars hot,” when read as an equation, is represented 
by 44-68 X — 46-54 y = — 65-70 m.y, and so on of the others. 


Series No. 1 

; both bars hot 

Series No. 3 ; 

I3 hot. 

A cold 

Series No. 4 ; Ij cold. 

A hot 

P 

Co-efficient of 

8 

^ § 
/s-g 

Co-efficient of 

8 

No. of 
comparison 

Co-efficient of 

8 

0 QU 

0 

a? 

y 

<5 

0 

0 

X 

y 


X 

y 


+ 




+ 


+ 


4 - 



I 

44*68 

4 < 5*54 

<65*70 

61 

45‘75 

+ 0*35 

981*03 

91 

1*03 

46*33 

983-30 

a 

•63 

•66 

67-43 

62 

*70 

■31 

980*06 

93 

•16 

•28 

O8o-q6 

3 

•65 

■6^ 

63*21 

63 

-61 

•26 

977*90 

. 93 

3*78 

-88 

941*34 

4 

70 

•16 

53 ‘87 

64 

•61 

*20 

978*18 

94 

•82 

-91 

940^40 

5 

•73 

•14 ^ 

53 ' 08 : 

<55 

•74 . 

*II 

: 978*73 

96 : 

•90 

*93 

939-10 

6 

■^.5 

“01 

53-20 

66 

-71 

*09 

975*84 

96 

4*63 

44*49 

873*10 

1 

•58 

"02 

53 •'67 

67 

44*57 

- *23 

944*59 

97 

*56 

*49 

873*08 

8 

■67 : 

• ;"04 

57*11 

68 

• 5<5 

*38 

944*93 

98 

*67 

*49 

874-30 

9 

'60 

46’<53 

46-77 

69 

•65 

■34 

946*39 

99 

-81 

45*02 

879*43 

10 

■74 

■90 

49*88 

70 

•75 

■40 

945*87 

100 

•85 

-03 

880-19 

II 

•75 

•78 

48*76 

71 

•92 

*64 

941*39 

lOl 

•91 

*06 

879*72 

12 

*79 

. -76 

46 * 7 <> 

72 

•88 

•68 

941*12 

102 : 

6*29 

41*61 

793*49 

13 

•88 

"66 

43-18 

73 

41-55 

1*20 

863*37 

103 

•31 

"60 

792-85 

14 

•9a 

•71 

41-70 

74 

•43 

*26 

859*66 

104 

*36 

*66 

793*67 


•93 

•67 

40-13 

75 ■ 

•38 

•33 

857*76 

105 

•39 

*66 

792-34 

16 

46 '09 

40* II 

46*40 

76 

’37 

*39 

866*43 

106 

*67 

42*17 

798*04 

17 

‘13 

■43 

51-89 

77 

-36 

*54 

853-08 

107 

*69 

*x6 

796-04 

18 

*16 

■^6 

56 ‘ 6 ^ 

78 

.36 

•5^ 

851*76 

108 

-60 

"16 

797*69 

19 

*13 

•74 

< 5 o *36 

79 

39*20 

•77 

796*65 

109 

*63 

38*74 

721-90 

ao ‘ 

*13 

■76 

60-47 

80 

•17 

•81 

796*09 

no 

• *63 

■74 

720-90 

a I 

•09 

•76 

63-86 

81 

'16 

•84 

796*97 

III 

-63 

■77 

723-87 

aa 

43-94 

44*20 

5 =^* 38 ’ 

82 

■'•33 

•88 

799*07 

II 2 

*69 

39*36 

733-21 

23 

43 ‘01 

•30 

5^*47 

83 

•36 

•91 

797*49 

i 

•60 

*34 

733*39 

H 

-13 

•43 

56 ' 4 i 

84 

■37 

*95 

797*69 

II3 

-61 

■34 

734*37 

35 

•29 

*64 

53-12 

85 

37*38 

2*14 

747*00 

1 15 

*61 

36*05 

662-92 

a6 

•39 

■47 

5 i ’39 

86 

*42 

•18 

749*38 

II6 

*60 

■09 

664-26 

^7 

' 3 <S . 

.•43 ^ 

49 ‘ 89 . . 

.87 . 

*45 . . 

*24 

. , 748*29. . 

1 17 

*60 

*10 

664-67 

a8 

•34 ■ 

43-56 

28*76 

• 88 ■ 

•9a 

■31 

■ 769*39 

II8 

*52 

■49 

671*26 

29 

•31 

•71 

34'67 1 

89 

•93 

•32 

769*°7 

1 19 

■51 

*47 

670-44 

30 

•28 

44‘31 

48*09 

90 

■95 

•3a 

758-63 

^ .120 ' 

*61 

■46 

670*97 








WITH THE STANDABDS I,? AND A 


33 


( 20 ) Accepting these 90 equations as all of equal weight, and proceeding by the method of least squares, there 
result the normal equations 


m.y 

in a;, or ® ~ < 58 oi 4‘57 y — 9096o3'8i = a) 

in y, or -- 68014-57 ^ + Ii 4 ' 534 ’a 5 V = io 5 o 57879 

The solution of group (2) gives 

X = -0000138886 a + -0000082404 j8 
y = -0000082404 tt + -0000136126 /3 

or 

m.y 

X = 21-2903, with weight reciprocal = *0000138886 ) 
y = 21-7965, „ „ = -0000136126 J 


(*) 


( 3 ) 


( 21 ) Substituting in the equations tabulated, the numerical values of x and y from (3), the following residual 
errors are obtained 




No. 

of Series 





No. 

of Series 




1 


3 


4 


1 


3 


4 

No. 

of 

Comp. 

Eeaidual 

No. 

of 

Comp. 

Ecflldual 

No. 

of 

Comp. 

Ecsidual 

No. 

of 

Comp. 

Ecsidual 

No. 

of 

Comp. 

Ecsidual 

No, 

of 

Comp, 

Eesidual 

Error 

Error 

Error 

Error 

Error 

Error 

I 

- a -54 

6r 

- 0-63 

91 

" 1 “ 4*^^ 

16 

- I '34 

76 

■h 4'95 

106 

4- 3-53 

X 

a’98 

6% 

+ 0-33 

92 

3-68 

17 

0-71 

77 

5-08 

107 

3’89 

3 

+ 1-03 

63 

1-18 

93 

0-00 

18 

o-i8 

78 


108 


4 

+ 0-58. 

64 

a-77 

94 

075 

^9 

2-41 

79 

0-65 

109 

4-76 

5 

+ 0-29 

65 

2 ’ 5 I 

95 

0-78 

20 

1-88 

80 

I ‘60 

no 

57'5 

6 

- 0-95 

66 

0-70 

96 

0-18 

21 

4'<53 

81 

3 '3 5 

ni 

3 ‘44 

7 

4- 0-29 

67 

0-69 

97 

— 0-22 

22 

3-18 

82 

2-70 

112 

5-47 

8 

- 2 ' 5 i 

68 

2-32 

98 

1-87 

23 

2-58 

83 

1-13 

113 

4-86 

9 

1-74 

69 

2-19 

99 

0-56 

24 

5 ‘03 

84 

1-99 

1 14 

3 -<57 

10 

1-95 

70 

1-85 

100 

I '95 , 

25 

26 

2-96 

85 

~ 2-19 

1 15 

5'54 

II 

3 - 6>5 

7 ^ 

— 1.02 

lOI 

2'33 

3-76 

86 

+ 0-22 

n6 

5-28 

12 

1-94 

7a 

-1- 0-43 

102 

+ o '83 

27 

4-62 

87 

— 0-21 

117 

5-08 

13 

2-46 

73 


103 

0-84 

28 

2-02 

88 

+ 2-41 

118 

6-58 

H 

1-74 

74 

5-06 

104 

— 1-82 

29 

4'02 

89 

2-10 

119 

rn 

15 

1-25 

75 

5 ' 7 ^ 

105 

1-44 

30 

374 

90 

1-23 

120 

6-42 


( 22 ) The sum of the squares of these residuals Is 884-32 ; so that the probable error of a single comparison, or 


J> = “■«745 y/— = 

and the probable error of x = 2-1382 V/-0000138886 = ± -00796 
„ y = 2-1382 ^/-ooooi36ia6 = ± -00788 

Hence, in the notation of page ( 12 ) Section I Chapter II 

m.y 

X = = 21-2903 ± -oo 8 o 7 

y = B^ = 21-7965 d= *0079/ • • * • 

■ft'hich are the adopted values (see page above quoted). 


( 5 ) 
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EXPANSION EXPERIMENTS 


( 23 ) The preceding values are arrived at by combining together all the 90 equations of series Nos. 1 , 3 and 4 . 
If however the 30 equations of series No. 1 , when both the bars were hot, be excluded, and the remaining 60 equations 
of series Nos. 3 and 4 be proceeded with by the method of least squares ; using z = Sp’Sj m,.y and t = as be- 

fore : there result the normal equations 

m..y 

inar, or 53333'88a!- 7345-89 = 978226-08 = o \ 

in y, or -- 7345 89 y + 52268-08 y = 979946'22 = H 

The solution of group (6) gives 

X ~ *0000191x99 a 4 - -0000026872 h 
y = *0000026872 a -f *0000195098 6 

or 

m.y 

(c = 21-3369 with weight reciprocal = -0000191199 ) , (7) 

y =21-7472 „ =-00001950981 


( 24 ) Substituting in the equations tabulated, Nos. 60 to 120 , the numerical values of x and y from ( 7 ), the 
following residual errors are obtained 


No. of Series 

No. of Series 

No. of Series 

3 

4 

3 

4 

3 

4 

No. of Besidual 
Comp. error 

No. of Eeflidual 
Comp. error 

No. of Besidual 
Comp. error 

No. of Besidual 
Comp. error 

No. of Besidual 
Comp. error 

No. of Besidual 

Comp, error 

61 — 2-74 

62 1-78 

63 0-93 

64 + 0-65 

65 0-39 

66 — 1-43 

67 1*40 

68 -f 0-24 

69 0-09 

70 — 0*26 

91 •+■ 2*27 

92 1'35 

03 — 2-48 

94 175 

95 171 

96 2*23 

97 2-63 

, 98 4*28 

99 3 ’00 

100 4*39 

71 - 3*14 

72 1-69 

73 4 - 2-92 

74 3 ‘o 7 

75 376 

76 2’95 

77 3'o8 

78 3*20 

79 - 1-27 

80 0-32 

101 -■ 477 

102 1-46 

103 I '47 

104 4*12 

105 375 

xo6 4 0-19 

107 i '55 

108 — 0-22 

109 4- 2'6o 

1X0 3*60 

81 4 - 1-43 

82 0-77 

83 - 0-79 

84 4 - 0-07 

85 - 4-03 

86 1-64 

87 2-07 

88 4 " 0-53 

89 0-2 X 

90 — 0-66 

XXX -4 1-28 

X12 3-27 

1x3 a-66 

1 14 1-47 

115 3 ' 5 o 

xx6 3-25 

xxy 3-06 

1x8 4-52 

1x9 5'ii 

120 4-36 


( 26 ) The sum of the squares of these residuals is 395-57, bo that the probable error of a single comparison, or 

2) = o- 6745 y^|^ = 17615 

and the probable error of « = 1-7615 ^-000019x199 = ± *00770 
„ „ y- i-76i 5 /-0000195098 = dh .00777 

Hence, m the notation of page ( 12 ) Section I Chapter II 


m.y. 

a? £= =: 21*3369 ± *0077 1 

y ~ 21-7472 db -0078 J 


. ( 8 ) 
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( 26 ) We may also deduce from series Nos. 1 and 2 a value for the difference of espausion between I, — A. Now, to 
find the difference of length between the two bars loth at temperature T, we have in the notation of article 5 Appendix 
No. 7 

(l.-A)^ = (l, -A).-(<.-T)(£ -.SJ + rff. M, 

( 27 ) In applying this expression to the comparisons of series NoS. 1 and 2, I shall adopt values of T for these 

series respectively of 97°'4a and 5i°'84, which represent the mean temperature of A during each group tf Cimpari- 
sons. For the expansions I employ the values on page (U) viz — 21797 Vn.y itd Fg = ii 225 m,<j so that 
E — =—0-572 m.y. Under these conditions we obtain the following, 


Series No. 1 ; both Bars hot 


Series No. 2 ; both Bars cold 


Observed 


Temperature 


Observed 


at .Eesidual g Temperature 

97®-42 Error 8 


Ij “* A 

51‘>-84 Error 

Fah. 


t 96-52 
2 -47 


IS 77 


18 97'oo 

19 96-97 

20 -96 

*i '93 

22 94*78 


35 9 S‘i 3 

26 ’13 


+ 0-96 
0-97 
0-98 
0-58 
0-56 
0'43 
0-44 
0-46 
o-oS 
0-32 
0-20 
0-18 
0-08 
O' 13 
0-09 

0- 53 

o' 8 s 

1- 07 
1-16 
ri8 
1-18 

- 1-38 

1-28 

I’iS 

1-04 

1- ii 

I'IS 

2 - 02 
1-87 
1-37 


Mean 96-19 97-42 38-31 


0 




0 

0 

w.y 

0 

0 

1-86 

64-18 

— 0*36 

31 

S 4'44 

S 4'30 

89*00 

•t 2 ' 5 S 

- 0 05 

1*92 

6 .V 73 

•81 

33 

'44 

'38 

89-47 

2 'S 4 

•06 

1-91 

^ris 

+ 3-21 

33 

'44 

•39 

86*96 

4 'SS 

'95 

1-46 

67-30 

2-76 

34 

'45 

■41 

87-66 

3 'S 7 

•04 

1-41 

67-02 

2-48 

35 

-48 

‘44 

9 i ‘37 

2-6o 

•04 

I '36 

6577 

1*23 

36 

S*'.I 3 

52-27 

91-96 

0*43 

•06 

1-44 

66*99 

3 ' 4 S 

37 

*33 

•27 

93-10 

9*43 

•06 

1-47 

64*20 

-- 0*34 

38 

*34 

•27 

93 'S 3 

9*43 

•0) 

I -03 

64-97 

+ 0-43 

39 

'.14 

*30 

91-78 

0*46 

•04 

ri 6 

64-77 

'23 

40 

SI '83 

Si '73 

91-56 

— o*n 

•ro 

x-03 

63*06 

— 1-48 

41 

•82 

•72 

92-11 

0*12 

*10 

0-97 

64*78 

4 - 0*24 

42 

-81 

72 

91*10 

0*12 

•09 

0-78 

64*28 

— *26 

43 

-80 

•71 

91-83 

0-13 

•09 

0-79 

64-99 

+ *45 

44 

'79 

■72 

91-03 

0*12 

•07 

074 

65-48 

'94 

i 

76 

•70 

89-86 

0*14 

•06 

1*02 

65-40 

‘86 

46 

‘75 

‘69 

91-44 

0-15 

*06 

rso 

66-04 

I'So 

47 

'75 

•70 

92-64 

0-14 

•os 

149 

66-57 

2-03 

48 

'13 

-12 

89-16 

0-72 

•OJt 

1*61 

64 ’.S 3 

- 0-21 

49 

'll 

'12 

89-24 

0-72 

+ *01 

1*64 

64.-86 

+ -32 

SO 

•II 

•12 

89-18 

0-72 

*01 

r 6 f 

62-11 

- 3 * 4.1 

51 

-II 

•12 

90-42 

072 

*01 

i*a6 

63-42 

i‘r2 

53 

*11 

‘13 

9 o'S 4 

0-71 

*02 

1*29 

64'03 

o'Si 

S 3 

•II 

■13 

89-23 

0-71 

*02 

1*31 

61-58 

2*96 

S 4 

•II 

■14 

89-21 

0-70 


r2S 

63-67 

0-87 

SS 

‘12 

•14 

89-58 

0-70 

*02 

i'i8 

62-88 

1-66 

S6 

50-29 

5 o' 3 o 

90-91 

I'S 4 

*01 

I’oy 

62-01 

2 'S 3 

S 7 

•27 

-28 

90-96 

1-56 

*01 

0*22 

64-60 

+ o'o6 

S 8 

•25 

‘28 

90-87 

1-56 

•03 

0*40 

62-60 

- I '94 

S 9 

•24 

•27 

88-69 

I-S 7 

•03 

*’03 

62-89 

-i‘6s 

60 

•24 

•26 

90-86 

1-58 

*02 

64*64 

Mean 51-87 

51 ‘84 

90-48 




m.y 


89-40 

- 0-45 

89-65 

•20 

87-36 

2-49 

88-28 

i '57 

92-01 

+ 2*i6 

90-94 

1*09 

92-08 

2-23 

91-29 

1-44 

91-19 

i ‘34 

89-38 

-o '47 

89-92 

+ -07 

89-12 

- *73 

89-85 

*00 

89-47 

- -38 

88-51 

IM 4 

90*08 

+ -23 

91*50 

i‘6s 

88*54 

- i‘ 3 i 

89-04 

•81 

8S-98 

•87 

90*22 

+ *37 

9 o‘S .5 

•70 

89-24 

— -61 

89 ’ 4 S 

•40 

89-60 

*2S 

go-24 

+ ‘39 

90*28 

*43 

90*62 

*77 

88-43 

— 1-42 

90*38 

+ *53 

89 ' 8 S 
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(28) Hence for series Ho. 1 the probable errors are ; of a single comparison ± rop ; of (Ij - ± *20. 

And for series No. 2 the corresponding probable errors are respectively ± 76 and ± ’14. Therefore in the preceding 
notation 

m.y 

■“ ± *14 


(Is - A)gy«.^g = 6474 ± -20 




- ^ •H 

45 ' 5 ^ 


m,y 

0*555 ± -005 


From the concluded values at page (U) 



Micrometer Rum. 

(29) Experiments for determining the linear values of a division of the micrometers, attached to the microscopes 
G and H, were made on the 10th and 11th February 1870; directly after the expansion experiments had been concluded. 
These values or “runs ’’were taken on the inch (a.h) of the standard steel foot, which space is divided into 20 parts 
each of 0.05 inch. Focus was found on the lines about the middle of the inch, and each of the 20 spaces measured in 
Succession with the micrometer. The focus was then deranged and the process repeated by the other observer. Each 
space was thus measured 6 times in all, focus being found as many times, after which the run of the other microscope was 
found similarly, These experiments give the following linear results, which have been employed in reducing the bar 
comparisons. 

1 Division of Micrometer G = 1*15163 m.y of A 
1 „ H = rioyy/ „ 

(30) The errors of the working thermometers employed during the bar comparisons, will be found recorded in 
Appendix No 8. 


J. B. N. HENNESSEY. 


October 1870. 
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] Vo . 7. 

FINAL DETERMINATION OF THE DIFFERENCES IN LENGTH BETWEEN THE (0-FEET 

STANDARDS b, Is AND A. 


The particulars of the comparisons between the bars b, Ig and A made in 1867 arc given in Appendix No. 3, 
where however the diflerences of length at 63° Fahrenheit arc calculated with the original values of expansion for these 
bars (see page 8). To find these differences in terms of the adopted values of expansion (see page (M)), we proceed as 
follows. 

2. Let any two bars, say F and Gr, be compared respectively at temperatures tj and t^, the observed excess of F 
above G being denoted by (F — 0)^^ , and the similar excess when both bars are reduced by calculation to 62° Fah : 
by (F — G)gj. Then if the expansions employed in these reductions be E. for F, and E,, for G, 

1 D 


(f - 0)«! = (P - G). - ft - &°) E, + ft - Sj°) E, . 

and differentiating this equation with respect to the expansions 
d (P - G)g2 = 


bl. 


bl 


- (tf - (52°) dE^ + (tg - 6%°) cfEg 

3. Collecting the numerical values required, for calculating the corrections to the difierences of length at 62° Fah : 
given in Appendix No. 3, wo have the following 


E, 

From page 8, original values of expansion 32759 
„ page (U), adopted „ 3^''?59 

.'. ci!E„ = o'o 


Eg E, 

m.g m.g 

2 I‘i59 aa'669 

21-235 21-797 

dE . = o-o66 dE, =-0-873 


From page 9, comparisons of b and |g 
» 10, „ Ig and A 


(ts 

(K 


62°) = 9-95 (b 

62°) = 9-95 (b 


*s)62 

A )62 


» 11 > » b A (t, - 62°) = 9°'64 ; (b - ( 52 °)= 9 °- 7 i ; (b - A Igj 

4. From [2], [3] and [4] there result 

^ (b ~ b )62 = 9'9S X ■o<5d 


131-40] 

89-94 


m.y 

4-' 0-66 


(b “ A )83 = — 9-95 X -873 

(b “ A )63 = — 9-64 X "066 —971 X '873 


8-68 

9*10 


[3] 


[4] 


[d 
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and from [ 4 ] and [ 5 ] we obtain the required differences of length between the bars at 62 ° Fahrenheit aa follows, the 
expansions employed being the adopted values of page ( 14 ), 

m.y m.y m.y 

Ig — Ig = I3i‘40 + o'66 “ I32 ‘o6 

Ib — A = 221*32 — 8'68 = 212*64 [6] 

Is ■— A = 89*94 — 9*10 = 80*84 

■which are the values given at page ( 25 ) deduced from the comparisons of 1867 only. 

5 . Again in Appendix No. 6 comparisons of 1870 , series No. 2 , the meanresults show, that when IgUnd A were 

respectively at the temperatures 3i°'87 and 3J^°*84, the former bar was longer than the latter by 90*48 m.y. Now in 

the notation of [i] 

(I3 - A)t3 = (I, - A)o - (t, - Es + (t. - tfa”) E. 
or since (t^ — t J and (Eg — E^^) are both small, we may put t^^ = t^ — dt^^ and write more conveniently 

(Ig A)g2 == (Ig ^)o (*s “ (®s ~ • • • • t • . » . • [7] 

substituting in [7], the adopted values of expansion from [3] and the mean results above quoted, we have 

(Ig — A)83 = 90*48 — 10*13 X '572 — *03 X 21*8 expressed in m.y 

= 84*03 m.y [8] 

6. From what has been here stated and proceeding as on page ( 25 ), the following are the final resulting differences 
at 62 ° Fah : 

m.y 

Ib “ Is “ 131 ' 4*5 determined by Captain A. E. Clarke, R.E. 

Ig — A s= 82*52 mean of comparisons in 1887 and 1870 

Hence l^— A = 213*98 


J. B. N. HENNESSEY. 


November 1870 , 
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Wo. 

ON THE THERMOMETERS EMPLOYED WITH THE STANDARDS OF LENGTH. 


The standard and working thetanometers, employed in determining the tcmpcratnres of the standard bars ■tvhen 
under comparison, may he suitably described under two classes or kinds ; i.e. thorrdometers which are read on their 
attached metal scales, and those with scales marked on their own glass tubes, iflie former kind of tliormoraeters were 
received with the bascdinc apparatus in 1830, and were eiriploycd up to the year 1866 when they gave place to excel- 
lent thermometers of modern construction. 


Thermometers with metal scales, in use 1830 to 1866. 

2. The two standai'd thermometers were constnicted by Messrs. Troiighton and Simms an l were marked in this 
Coxlntry <r and vi. There is reason to believe that they were precisely similar to one another in construction, so that a 
description of the latter, which alone is now (1871) forthcoming, may be considered to include the former. Thermo- 
meter o-j is about 16"-| in length, terminating iu a glass-hook at the upper extremity and iu a spherical Indb 0"-6 in dia- 
meter at its lower end, It has a <straight-hidh, a term, iu coutradistiuctiou to hent-hulb, by which it is iutemled to express 
that the centre of the bulb is in the prolongatiou of the straight line defined by the glass tube. The thermometer is 
attached to a brass plate or scale by means of the glass-hook which tt> a certain extent acts the pixrt of a steady-pin, 
and two bent metal bands which embrace the tube near its extremities and are thoinseivea screwed down to the metal 
plate. The scale is graduated to half degi’cos from 5° to 322"’ Fahrenheit and the distance between the 32“ and 212“ 
strokes Is 13'''3, Thermometers <t and have been assumed as errorless, in the absence of experiments daring the 
period of their employment for finding their errors : nor could the omission he now supplied, for' tho glass-hook has a 
play iu its socket of quite a quarter of a degree, liy* which quantity any errors which could at present he determined 
may be affected. Besides this, tho important variations of their zero errors cannot novV be ascertained retrospectively. 


3. The 4 working thermometers were, it is believed, all similar to one another ; those on standard bar A were 
marked a and J3 and they are the two thermometers on which tho observed temperatures of this bar depend during the 
comparisons at the Calcutta, Dehra Boon, Sironj, Bider, Sonakhoda, Chach, Karachi and Vizagapatam base-lines. Tho 
thermometers on standard B were marked y and S ; they were employed with this bar, only during the comparisons of 
1834-35 between standards A and B, and were sent back to England in 1843-44 with the latter bar. It is therefore 
sufficient to add that y, S, a- and cr^ were all compared with one another in April 1835, when 25 remlings of each ther- 
mometer were taken between the temperatures of 73° to 79“ Fahrenheit. Tho mean difference gives 


ff -t- 


+ 8 


= — 0°‘228. 


.2 
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ON THE THEKMOMETERS EMPLOYED WITH STANDARDS OP LENGTH. 


Thermometers with metal scales, in use 1830 to 1866 — (Continued.) 

4 . As regards the important working thermometers o and /S, a description of either will answer for the other 
since they are exactly alike in appearance. Thus a has a hent bulb ; the tube terminates at its upper end in the usual 
glass-hook which was found in December 1855 to be slightly loose in its socket, so that the tube had a longitu- 
dinal play estimated at 0°-8 as a maximum. The liability to displacement was checked by the introduction of a minute 
wooden wedge and the thermometer used with this precaution in the comparisons which were subsequently made. 
The tube is 7 " in length reckoning, from the glass-hook to the angle at the bend, and is attached to a brass plate (or 
scale) in the same way as the tube of a-j. The bulb is spherical and 0"'4 in diameter ; its centre is 1"-1 below the 
brass plate, so that the bulb when in position is situated slightly beloW(^-j the centre of a transverse section of the 
standard Acg). The thermometer is graduated only to integral degrees from 5 ° to 140 ° Fahrenheit and the distance 
between the 32 ° and 140 ° strokes is 5 ". The maker’s name is not registered on a or / 3 , but it is believed that these 
instrunaents were constructed by Messrs. Troughton and Simms. 


5 . The thermometers a and (3 were compared with certain standard thermometers on three occasions, ix. in 
1833 , in 1854 and in 1867 . 

6. The comparisons of 1833 were taken by Captauifg) G. Everest, whose register of these experiments does not 

show the circumstances under which they were made ; but it may be conjecttured that the thermometers a, o-j, a and 
were suspended near one another in a room where the temperature was tolerably equable and thus observed. The 
readings recorded are as follows : ^ 

TABLE I of 1833. 


1833 

Time 

Standard 

(T 

Standard 

"■i 

a 


1833 

Time 

Standard 

cr 

Standard 

a 

J 8 

June 13 , 

h. 

9 

m. 

o 

88°9 

0 

89*2 

88*9 

0 

Sg'Q 

June 15 , 

h. 

7 

m. 

30 

CO 

0 

87-5 

0 

87-4 

877 


10 

^5 

90*0 

90*1 

90*0 

90*0 


8 

30 

89 '3 

^ 9'3 

Sg't 

89-0 


12 

o 

PI'I 

gi *2 


91*0 


9 

30 

907 

9°'5 

9°'5 

907 


I 


917 

92*0 

9I‘8 

917 


10 

0 

9i'6 

92*0 

9 1 '5 

9 1 '3 

14 , 

3 

0 

92-4 

92-5 

9^' 5 

92-4 


12 

0 

92-.5 

927 

927 

92-8 

8 

30 

90’2 

90-4 

go' I 

9°'5 

16 

6 

30 

87-8 

88-1 

88-2 

'88-2 


10 

0 

92'6 

927 

92’5 

g 2'8 


8 

0 

89-9 

9o'i 

go'o 

89 ’9 


II 

0 

92'8 

93-0 

92-9 

gz '8 


9 

0 

9^'5 

927 

9 1 '5 

92-0 


12 

15 

947 

94-6 

94'6 

94-2 


II 

0 

93-1 

93-9 

93 '3 

93 '9 


4 

30 

95 ‘8 

95'8 

96 ’o 

95'8 


12 

0 

93'4 

94-0 

93-6 

94 ' 0 


5 

so 

97-1 

97 'o 

gft 

pd'S 


5 

0 

95‘5 

9 S'^ 

95 '5 

957 









Means 

91-80^ 

92*023 

9 J ‘855 

91 '882 


And from the mean readings 


<T -k cr. 


a + 13 


= -f o°*o45 


(1.) See description of standard A pag® (2)- 

(2.) In this respect these old thermometers have an advantage over most modern bent-bulbs. The bent arm carrying the bulb is 
generally too short in the latter instruments to reach down to the centre of the bar, and even the thermometer-weHs in the hare are not 
always bored to a sufficient depth. 

(3.) Afterwards Colonel Sir G. Everest O.B. * 
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Thermometers with metal scales^ in use 1830 to 1866 — (Continued.) 

t . Ill 1854 Majoi’fj) A. Strange compared cr| a aud j8 with one another. The thermometers appear to have boon 
attached to “ a light frame of deal wood” aud “ the whole immersed in a large wooden tub containing sufficient water to 
“ com|)letely cover them.” The water was “ thoroughly agitated by means of a wooden paddle in order to obtain equal- 
“ ity of temperature throughout.” The results are as follows : — 

TABLE II of 1854. 


No. of 
comparison 

Ecfidings of 
Standard o-j 

a + /3 

0*1 

2 

a — /3 

Cm S 

0 

0 

Readings of 
Standard o-j 

c^+$ 

2 

a — )8 


0 

0 

0 


0 

0 

0 

I 

.39‘4o 

+ 0 ' 5 o 

— 1 40 

3 

.3370 

+ o-io 

— I-OO 

2 

.3975 

+ 0-83 

~ ri 5 

4 


- 0-05 

— o’So 

\ 

The water was now raised to a temperatm-c 

of 108 ° aud allowed to cool down gradually 


9.3 ‘30 

- 0-43 

- 0*45 

9 

75-00 

- 0-13 

- o ‘35 

6 

90*20 

— - 0*30 

— o"4o 

JO 

70-50 

— o-i8 

“ o ’55 

7 

Kss 

— 0'20 

— 040 

1 1 

(5a -30 

- 0-25 

— 0-70 

8 

80 ‘3.3 

— o’i3 

- 0-85 

12 

( 5 a-( 5 o 

— 0*10 

— o-6o 


Note. — “ Stirring tlio water makes a difforcncc of 1° occasionally”. 

8. The comparisons of 1867 were made under the directions of Colonel J. T. Walker, B.E. by J. B. N. Hen- 
nessey, Esq. and W. H, Cole, Esq. M. a. The procedure followed on this occasion will he found described further on in this 
paper under the head of “ Thermometers with scales marked on their own glass-tubes” ; it is sufficient to premise in 
this place that the Standard 4246 is an instrument of modern make, constructed with the skill and improvements now 
in practise and that its errors are all known. The experiments under notice give the following results : — 

TABLE III of 1867. 


, 0 

0 

1* 

0 

0 

Corrected 
roadiiigs of 
, Standard 

4346 

4246 - CTi 


« + /3 

a— S 

8 

Corrected 
readings of 
Standard 
4246 

4246 — (Ti 

2 

a 4- /3 

a-& 

4<24.u 

2 

2 

2 


0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

I 

60-82 

- 0-36 

“ 0-47 

— 0*11 

- 0-94 

8 

75-00 

— 0-42 

- 0-58 

— o-i6 

“ 0-57 

2 

62-90 

- 0-30 

— 0-48 

— o-i8 

— ■ 0-71 

9 

77-09 

— 0-38 

- 

- 0-25 

— 0-71 

3 

64-80 

- 0-57 

- 0-49 

— • 0-12 

~ 0-53 

10 

7875 

— 0-42 

- o’S^ 

— 0-14 

~ o‘59 

4 

66-93 

— 0-38 

- 0-50 

— 0-12 

— o-6i 

II 

80-83 

- 0-39 

- o'57 

— o-i8 

— 0-62 

5 

69-01 

- 045 

- 0-48 

-- 0-03 

- 0-57 

12 

82-86 

- 0'43 

- 0-51 

— o’o8 

- 0-57 

6 

70-83 

— 0-42 

- o'54 

~ 0-12 

- 0-47 

13 

84-92 

- 0-37 

- 0*57 

— 0-20 

- 0-55 

1 

7278 

— 0-4X 

- 0-54 

- 0-13 

~ 0-54 

14 

86-86 

— 0-30 

— 0-67 

- 0-37 

— 0-42 







15 

88-93 

- 0-33 

— 0-62 

— 0-29 

— 0-46 


of 0-1 

of a 

of i8 

0 

Readings in melting ice 32-35 

0 

31-6 

0 

32-8 


(0 Now Colonel A. Strange. 
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Thermometers with metal scales, in use 1830 to 1866— (Continued.) 

9. The correction to — - — of + o' 04 ^ from Table I, was applied in the first instance to the observed temperatures 

of Standard A taken during the bar comparisons at all the base-lines measured prior to 1866 ; i.e. the lines of Calcutta, 
Dehra Boon, Sironj, Bider, Sonakhoda, Chach (or Attok), Karachi and Vizagapatam. Subsequently on a discussion of 
the subject by Colonel Walker, it appeared that means were available by which an improved value of the con'cction 
might be obtained for the base-lines at Karachi and Vizagajiatam. Thus from Tables II and III the following may be 
deduced 


From TABLE II of 1854. 


From TABLE III of 1867. 


Comparisons 

Temper- 

ature 

a -1- 

cr L. 

^ a 

a — 

Comparisons 

Temper- 

ature 

a — jB 
cr, ^ 

(f 

a — ^ 

0 0 0 

Nos. XT & 12 — 0*18 — 0*65 

9 it 72*8 *16 •4(5 

8 & 7 83*0 *17 *68 

5 & 6 ga-B , *37 -43 

0 0 0 

Nos. I (& 2 61-9 — 0-15 — 0-83 

6 A 7 71-8 -13 -/i 

la A 13 83-9 *14 -jjg 

J5 ’29 _ *46 


It will be seen on comparing the values of Oj 


oe -f- 


and of a — ^ determined at about tho aamo temperatures 


in 1854 and in. 1867, that the identity between these corresponding differences is sufficiently close, to justify the assump- 
tion, that the zero errors of these thermometers were sensibly identical at the two epochs of obscrvatitm ; and lumce 
that the errors determined in 1867, by comparisons with a well established thermometer and under imirroved aiJidiimces 
for equalizing and sustaining the temperature, are fairly applicable to the base-lines of Karachi measured in ISo-l-n.y and 
of Yizagapatam measured in 1862-63. Such retrospective application was not considered desirable to the earlier 'opera- 
tions, both on account of the defect in a described in art. 4 and also for the more important reason, that' durimi tlic 
period of these prior operations the zeros of the thermometers were more liable to change, as at that time a and Bwim- 
comparatively of recent construction. " e 


10 . Nor, m the bar comparisons at Karachi and Vizagapatam base-lines, does it appear, tliat by correctin'^ 
each observed temperature for its assigned error, a sufficient improvement would be gained to justify the lihor involviMi’ 
Accordingly, the mean temperature of Standard A at the Karachi base-line being about 68 ®, we find by takimr a mean 

a -H /J ’ ‘ ‘ • ‘ 


from comparisons N os. 1 to 8 (Table III) that Standard 4346 — 


■ji ; and similarly, the corresponding temi; 


.)er- 


ature for the Vizagapatam measurement being nearly 75°, the correction to — ^ ^ is 


o °-5 j from comparisons Nos. 


4 to 11 of Table III. As however a correction of -}- o °-045 had already been applied in the reduction, we find eventually 

Correction to the mean temperature of Standard A at Karachi base-line = — o °-^6 
” n Vizagapatam „ = — o '59 

of\his volumT^ corresponding to these thermal variations will be found duly applied at pages VII_ g and VIIT 

Standard Thermometers with scales marked on their own glass-tubes, in use 1866 and subsequently. 

A T? the thermometers with one another is similar to that adopted by CaT.tnin 

A. R. Clarke, R.E. C.B. and described at pages 7 and 8 of his volume entitled “Comparisons of StandaiS of leZl " 
I consists of a water-tight trough with a tap for discharging and a funnel for admitting water. The thermometer^r.^f 
on a frame which is immersed in the water, and are read through glass windows in the trough by means of a microscope 
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Standard Thermometers with scales marked on their own glass-tubes, in use 1866 and 

subsequently — (Continued.) 

and a rectangular glass slide. The latter has eleven converging lines marked on it and is placed in the focus of the eye- 
piece, so that when the outer lines are made to coincide with the image of a degree, readings of the mercury can be 
obtained with accuracy to 1 or 2 in the second place of decimals. All these are copies of Captain Clarke’s contrivances. 
But in the absence of appliances for heating up the comparing room to the temperature imparted to the water, the 
trough employed was made of larger dimensions than the one in use at Southampton. Thus Captain Clarke’s trough 
was 29 " X 9 ''x 9 " giving a cubic measurement of 2349 inches, while the one under notice is 4 - 0 " x 14 "| x 26 "i 
or 15,105 cubic inches in its contents. It may also be remarked that in the absence of slides similar to Captain Clarke’s 
for moving the microscope in rectangular coordinates, other means are adopted, of sufficient rigour, for maintaining the 
required conditions of accuracy. The water in the trough can be thoroughly agitated and mixed by means of paddles 
provided for the purpose. 

12. The five Standard Thermometers are numhered 4140, 4141, 4142, 4246, and 4.347 ; they were constructed 
by Mr. L. Casella, in the year 1865 (or 1864 ) and received in India about the middle of 1866 . Of these instruments 
4347 alone has a hent-bulb ; the other 4 have straight-hdbs. The bulbs are all nearly cylindrical in shape and rounded 
off at top and bottom. The scales in every case are marked on the glass tubes, but for protection and support each 
tube when in use is mounted on a metal plate. Nos. 4142 and 4246, have their scales and numerals cut into the upper 
surface of the glass-tube as usual, while a strip of white enamel runs along the opposite surface and furnishes an opaque 
back gi’ound to the lines. In 4140, 4141 and 4,347, the scale and numerals are cut on the upper surface of the tube as 
above and besides a corresponding scale is marked on tlie opposite or lower surface of the tube, each line of the lower 
scale being in tlie transverse section through its corresponding line on the upper scale*. The thermometers all terminate 
at the upper extremity in the usual glass-hook, and the hollow within the tube, at the same termination, ends in a 
small safety reservoir in which the mercury may collect under temperatures above the boiling pointf. 


13 . The following facts have reference to the five Standard thermometers : 


Number 

Length 

Tube 

diameter 

Bulb 

Range of 
gi-aduation 

Entire 

32° to 212° 

Length 

Diameter 


If 

If 

If 

It 

If 

0 0 

4140 

20-55 

16-58 

0-25 

I ’55 

0*40 

25 to 215 

4x41 

a 0-45 

L ‘;'94 

0-2,3 

1*20 


20 „ 220 

4x42 

iS-95 

15-02 

0-28 

1-05 

0-28 

25 » ai-.'i 

4246 

20-.35 


0-28 

I - 10 

Q'lq 

15 „ 220 

4 .S 47 

23-20 

20-14 

0-25 

1-05 

0-21 

30 a 213 


the shorter bent arm of 4347 is 1-^' in length. 


* The corrections given hereafter are applicable to the upper-scale. This system of dujilicate marking, by which the plane of a 
trnn.sTer8o soction through eacli upper lino is indicated hy a correaiionding lino below, was suggested by mo as a ready means for placing tlio 
reader’s eye in the position wliudi it should occupy. The precaution is redundant and even' vexatious in the presence of Captain Clarke’s 
excellent reading microscope and glass-slide ; but whoa these aids aro not employed, as iu the use of ordinary thennometers, the advaiita'ms 
of duplicate marking w'ill be apparent. (J. B. N. li.) ° 

t This safety reservoir is a nuisance. The column of mercury is very apt to he broken off and get detached from the bulk of the 
quicksilver in the bulb, and when this happens the metal is sure to run into the reservoir and pertinaciously resist all efforts to dislodge 
it. If the reservoir once gets quite full, no amount of tapping and coaxing will induce tlie mercury to descend, and in Idiis case tlie hoolc-eud 
of the tube must be gradually sulijceted to the flame of a candle when tJio quicksilver will readily run down. The remedy involves violence 
and risk, which would not bo incurred, if in place of the reservoir the glass-tube and hollow were continued for 2 or 3 inches above the 
boiling point, supposing this to he essential I 
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Standard Thermometers with scales murked on their own glass-tubes, in use 1866 and 

subsequently — (Contirmed.) 

14 . These thermometers were handed by the makers to Captain A. E. Clarke, E.E., C.B., of the Ordnance Sniwey, 
who subjected them to elaborate examination and comparison with the aid of the appliances detailed in his Chapter 
XVI of “ Comparisons of Standards of length.” Selecting 414a he found its correctiom for calibration, or c; its 
(■.orrection for error in the relative positions of the boiling and freezing points, {i.e. correction to mean degree) or m ; 
and its correction for reading of freezing point (i.e. imlex correction), or i* He then compared 4142 with the Ordnance 
Survey Standard 3241 having previously found c and m for the latter thermometer. Subsequently, the corrections to the 
4 working thermometers, employed by Captain Clarke in determining the expansions of the 10 -foot Standard bars Ib 
and Is, were found by him from comparisons with 4142; but these working thermometers were most unfoi'tunately 
all broken on their way from England to Dehra Boon in India, so that a considerable portion of the time and labor ex- 
pended on them was thus lost. The results of the foregoing comparisons are given in the volume and chapter above 
quoted and will be copied from thence into this pa23er. 

15 . But besides these 2mblished results. Captain Clarke found m for 4140, 4141, 4246 and 4347, and, excejiting 
4347 because it was too long for his timigh, he compared them with 3241, and 4142. These results were furnished by 
him through Colonel Sir Henry James, E.E., Director of the Ordnance Survey to Colonel J. T. Walker, E.E., Suiierin- 
tendent Great Trigonometrical Survey of India with his letter dated October 1865 . 

1 6 . Subsequently, Captain Clarke’s comparisons last named were extended to lower and higher temperatures 
than those included in his series, by J. B. N. Hennessey, Esq. and Lieutenant M. W. Eogers, K.E., at Colonel Walker’s 
Head-quarters’ office. The following are the numerical results of the experiments enumerated in arts. 14 , 15 and IG. 

TABLE IV. Calibration corrections^^) of Standard Thermometer 4143. 


Temper- Values of 
aturo c 

Temper- Values of 
ature c 

Temper- Values of 
ature c 

0 0 

37 -1- -023 

42 'o68 

47 '068 

52 '016 

57 '035 

0 0 

62 + '035 

67 '02p 

72 *046 

77 “ *044 

0 0 

82 — '020 

87 ‘012 

92 '005 

97 '073 


(1) See “Comparisons of Standards of length” p, 191. 


If Jl be tlie obseryed reading and .^’the corresponding deduced true absolute temperature, then in the notation here adopted 

where it will be noticed that c and m are constants in respect to time, whereas i, in the'^absence of evidence, must be expected to prove a 
variable. The variations of i are, generally, all in the same direction ; i,e. i is always negative and increases numerically for some considerable 
period after construction. It may also be disturbed if the thermometer is subjected to extreme degrees of temperature in either direction ; 
the more 80, probably, if the extreme reading is attained to suddenly and therefore violently, instead of by a process of gradual change. 
The tbllowing readings of 4246 in melting ice are not without interest. 


1865, 

1867, 

October 

0 

32*00 

by 

Captain Clarke at Southampton. 


April 

32*28 

by 

Messrs. Hennessey, Eogers, and Cole at Dehra* 

1867, 

November 

3 2 ’30 

by 

Messrs. Hennessey and Eogers. 


1870, 

February 

32*36 

by 

Messrs. Hennessey and Cole. 

53 

each of the above readings is the mean of not less then 6 observations. 
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Standard Thermometers with scales marked on their own glass-tubes, in use 1866 and 

subsequently — (Continued.) 


TABLE V. Actual Thermometer readings of the Standards and 4143 corrected by (c + w 4 -i)( 3 ) 


Eeference 

No. 

3241 

4142 

Eeference 

No. 

3241 

4142 


0 

0 


0 

0 

I 

97‘34 

97-33 

II 

72-00 

72-03 

2 

94'66 

94-69 

12 

7o-or 

70-04 

3 

92-05 

92-05 

13 

67-18 

67-16 

4 

9°‘39 

9°-35 

14 

^ 5-°5 

65-08 

5 

87-11 

87-09 

15 

62-13 

62-14 

6 

85’23 

85-20 

16 

60-15 

60-16 

7 

82-17 

82-18 

17 

57 ' 4'5 

57-49 

8 

80-14 

80-15 

18 

55-5^ 

55-53 

9 

77-35 

77-35 

19 

52-16 

52-20 

10 

75 '0 1 

75-00 




Readings 

in molting 

Ice 


32-41 

32*00 


( 2 ) Soo “ Comparisons of Standards of longtli” p. 193. 


Taking now the true temperature to bo llio moan of tlioao indicated by tlio two tliermometcrs in Table Y, we 
ave the following residual errors : 


TABLE VI of residual errors.^^) 


Reference 

Number 

3241 

4142 

Eeference 

Number 

3241 

4142 


0 

0 


0 

0 

I 

“f" 0'00^*J 

— 0-005 

II 

- 0-015 

4- 0-015 

2 

— 0-0x5 

+ 0-0x5 

12 

0-015 

0-0x5 

3 

O'OOO 

0-000 

13 

+ 0-010 

~ 0-010 

4 

+ 0*020 

— 0-020 

14 

— 0-015 

+ 0-015 

5 

0*010 

Q-OIO 

15 

0-005 

0-005 

6 

0 - 0^5 

0-015 

16 

0-005 

0-005 

7 

— 0-005 

+ 0-005 

17 

0-0x5 

0-015 

8 

0-005 

0-005 

18 

0-005 

0-005 

9 

0-000 

0-000 

^9 

0-020 

0-020 

10 

4- 0-005 

•— 0-005 





(3) See “Comparisons of Standards of longtli” p. 194. 
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ON THE THEKMOMETEIIS EMPLOYED WITH THE STANDAEDS OP LENGTH, 


Standard Thermometers with scales marked on their own glass-tubes, in use 1866 and 

subsequently — (Continued. ) 


TABLE VII. Letermmation of the correction for error in relative positions of Freezing and Boiling 
points for Standard Thermometers 4.0, 4141? 4 '^ 4 ^} 434'^^ 4347a)- 


1865 

u 

CD 

CD 

1 

i 

Observed boiluig 
point 

B arometer corrected 
and reduced to 33 ^ 

Excess oyer tbe Stan- 
dard pressure 

Error of boiling point 

Observed freezing 
point 

Error in relative posi- 
tion of freezing and 
boning point 

Corrcspon din g cori'cc- 
tinn to tlun’inoincter 
readings at 

Temp: t = 

« 

October Snd 

4140 

0 

212*27 

mclies. 

29-854 

inches. 

— -051 

0 

-f 0-36 

0 

31*92 

+ o °44 

— *0024 32^) 

— -0017 —32 ) 


4141 

212*21 

29-854 

*051 

4 - 0-30 

32*00 

+ 0-30 

March 20th 

4142 

212*20 

S9-917 

+ *012 

+ o’i8 

32*00 

+ 0*18 

— ’ooio —32 ) 

October 2iid 

4246 

21 2*15 

29-854 

- -051 

+ 0*24 

32*00 

+ 0-24 

— *0013 \t — 32 ) 

4th 

43+7 

212*25 

30 'o 55 

4 - -150 

+ 0*00 

32*06 

— o*o6 

+ -0003 {t —32 ) 


(1) Prom Captain Clarke’s letter, see art. 15 of this paper. 


TABLE VIII. Comparisons between the Standard Thermometers (g) 


1 

§ 

Pi 

'4-i M 

0 § 

fH 

03 ’rj 
C! 

a ^ 

ObserTed readings 
meter 

of thermo- 

Total correc- 
tion 

= (c + m + i) 

Corrected 

Beading 

CD 

11 
fO ?-( 

d CD 

Total correction 
= (c + m + i) 

Correction 
constants = 

'i’or 

(e 4 Bi) 

4) 

p 

y 8 

!25 g 

3241 

4142 

4246 

4140 

4141 

3241: 

4142 

3241 

4142 

s a 

4246 

4140 

4141 

4246 

4140 

414^ 

0 

1 

2 

57° S 

56'66 

5671 

56°6i 


0 

-•58 

0 

— *08 

56°S7 

56 °s 8 

56-57 

0 

-*14 

0 

-•04 

0 

-*13 

0 

-'03 

0 

-•04 

0 

-*05 


2 

4 

62*63 

62*12 

62*14 

62*11 

62*18 

— *60 

-•09 

62*03 

62*03 

62*03 

— *ii 

-•08 


'00 

— •08 

-•07 

C 

3 

4 

67-64 

67-14 

67*20 

67-13 

67*18 

-•61 

— •10 

67-03 

67-04 

67-03 

-•17 

— *10 

-~‘i5 

— *06 

— *JO 

-07 

zu 

4 

4 

72*67 

72*10 

72-17 

72‘i5 

72-15 


-•08 

72*02 

72*02 

72*02 


*-•13 


“•04 

“•13 


w 

pi 

5 

4 

77‘97 

77’4S 

77-46 

7747 

77-44 

•-'66 

-*17 

77-31 

77-28 

77*29 

-•17 

-•18 

-■15 

— •06 

-*i8 

-■07 

wl' 

6 

4 

82-74 

82*24 

82*27 

82*26 

82*23 

-•64 

— •16 

82*10 

82*08 

82*09 

-•18 

-■17 

--14 

— •07 

-•17 

— *06' 

Ph -yj 

7 

4 

87*66 

87-19 

87*22 

87-23 

87*22 

-*59 


87*07 

87-04 

87-05 

-•17 

-*i8 

-•17 

-•06 

-■18 

-•09 

Si t/ l 

a ri 

8 

4 

92*88 

9241 

92*42 

92*44 

92*44 

— *62 

-*14 

92*26 

92*27 

92*26 

— *i6 

-*18 

--18 

-•05 

-•18 

— *10 

a -Ai 
.p; 

!B t: 

9# 

4 

32'BO 

32*09 

32*11 

32*00 

32*08 












cj d 

00* 

10 

2 


42 '45 

42'SS 

42*61 

42*60 


— *12 


42-33 


— *22 

-*28 

-•2-7 

4. •Qfj 

-•13 

-•07 


11 

2 


47’Si 

47-64 

47-61 

47-65 


-‘13 


47-38 


•26 

-•23 

*27 

*03 

•08 

•07 

0 

12 

2 


52-20 

S2'3S 

52-23 

52-29 


-•18 


52-02 


‘36 

— *21 

•27 

-•07 

"06 

*07 

« 

13 

2 


56-3 1 

56-48 

56-31 

56-40 


-•17 


56-14 


*34 

-*17 

-26 


"02 

•06 


14 

2 


87-30 





~*25' 


87-05 








rW 

15 

2 


92-63 





•“’23 


92-38 








CD p. p 

16 

2 


9749 

97-52 

97-42 

or 50 


-*32 


97-17 


-‘35 

•-’•23 

-•33 

— *06 

— ‘lO 

""*13 

{^i 0 

CD czi 

17 

2 


100-56 

ioo'6o 

100*60 


-•32 


100*24 


— *36 


•'36 

•07 


*16 

1^ 

18 

2 


100-50 

1 00*3 1 



-‘32 


100*18 



“•33 



-•18 



19# 

2 


32-18 

32*29 

32-13 

32*20 












MS 

t-a 1-4 


* These readings were taken in melting loe. 

(2) The comparisons denoted by the reference numbers 1 to 9 are taken from Captain Clarke’s letter, see art : IS of this paper. 


o 4. X. noticed that standard 4347 (bent-bulb) is absent in the comparisons of 1867 Table Till. lu 

tact hotveyer this thermometer was compared with 4142 at regulated intervals . between 42° and 100° in 1867 • but aa 
the resulting corrections wer^not required earlier, they were deduced only recently ( 1871 ). Unfortunately they prove 
unsat] st^tory, exhibiting comparatively rapid variations in the corrections : they are therefore withheld until an oppor- 
tunity offers for making venficatory comparisons. 11 
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Woy'ldng Thermometers loith scales marked on their own glass-tithes^ in use 1867 and siihsequently. 


18. The working thermometers are all of the bcnt-bnlb pattern and have their scales marked on their own glass- 
tubes : they are mounted as usual on metal plates. At the bulb end, the tube is first bent at right angles to itself in a 
honzontal direction and then dmmiwa/rds : tlie horizontal piece is some long and the bottom of the bulb is about 


beneath the metal plate. The glass-tubes are some 10" in length, tlie hollow within, for the play of the mercury, termi- 
nating in the small safety reservoir inentioned in describing the standard tliermometers. All the working thermometers 
resemble one another in the foreg<)ing respects : otherwise they may be classified under the heads of ^kLong range” or 
^Mj. 11”, “Low range” or “1. R” and “High range” or “h. R”. The L. Ils. are graduated to half degrees, from about 20^ 
to looh The 1. Rs. and h. Rs. read to tenths of degrees, the former from about 45*^ to 65°, the latter from about 60° 
to All these instruments were constructed by Mr. L. Casella and received in India early in 1867. They comprise 
the second batch of working tliermometers obstained for use with the standards of length, the Jirsi bitch having reached 
their destination broken with hardly an exception from careless packing, 


19. Numerous comparisons have been made for determiniug the corrections to the working tliermometers. The 
thermometer compared with was the Standard 4246, and tliis instrument was adopted, not in preference to tlie calibrated 
standard 4241, but because the latter lias sprung a sliglit crack in its tulie and it is therefore higlily desirable to avoid 
subjecting the instrument to the operations involved in comparisons lest the crack should thus be increased. 

20. The corrections deduced are as follows, the working thermometers hereafter named being only those which 
have been actually employed in the bar comparisons. 

TABLE IX. Total corrections to the folloioing Long-range thermometers to find true absolute 
temgyerutnre, determined by comparisons loith Standard 42,46. 


Temper- 

ature 

4217 

4218 

4221 

4227 

4228 

7345 

7347 

7348 

7349 

0 

0 

0 


0 

0 

0 

0 

0 

0 

40 

— *28 

- -33 

— -28 

— -30 

- -41 

— '58 

— “.30 

— '20 

— ‘34 

42 

•a; 

’27 


•32 

■47 

*63 

‘33 

■23 

•40 

44 


* 3 2 

■32 

•38 

•49 

■66 

‘37 

*26 

•41 

46 

■37 

■30 

'31 

‘43 

‘ 5 Jt 

■67 

‘37 

*26 

•40 

48 

•40 

■31 

'31 

■41 

•51 

■67 

‘36 

•29 

*40 

50 

■44 

‘33 

■32 

■42 

‘53 

•67 

■39 

•31 

-40 

52 

*42 

•32 

■30 

•39 

■51 

■66- 

‘38 

■35 

‘3 <5 

54 

■39 

•38 

■29 

■39 

•49 

•6r 

■37 • 

•29 

•28 

5^ 

•40 

*26 

•27 

‘40 

•46 

■59 

■36 

•34 

•27 

58 

*42 

•28 

‘ 3 ^ 

‘43 

•48 

*60 

■37 

•20 

*28 

60 

•4a 

•38 

‘31 

‘43 

‘50 

•61 

•40 

•19 

•28 

62 

'37 

•38 

‘30 

‘34 

‘44 

•59 

•38 

•16 

•27 

64 

■3 <5 

■ 2-5 

■35 

‘31 

*44 

■5 <5 

■35 

•11 

*25 

66 

■38 

•26 

■32 

•38 

*45 

‘59 

■40 

‘15 

‘32 

68 

■35 

■27 

■32 

•29 

*43 

■58 

■40 

•21 

*33 

70 

‘34 

■25 

'31 

•28 

■43 

•56 

■39 

■23 

*32 

7a 

■ 3 » 

•22 

‘33 

■32 

•48 

'59 

•34 

‘32 

*33 

74 

•40 

•28 

‘37 

■33 

*49 

'60 

‘32 

•32 

* 3 i 

76 

•42 

•35 ' 

‘37 

'35 

■48 

■<55 

‘38 

‘37 

*37 

78 

'39 

•28 

•36 

‘34 

■45 

•64 

■3,6 

‘31 

*35 

80 

•41 

‘33 

-38 

‘34 

*47 

■<57 

‘37 

‘35 

‘35 

83 

‘43 

•31 

‘39 

•35 

•48 

•71 

■37 

‘34 

■35 

84 

■45 

•38 

‘38 

•35 

•46 

■72 

‘39 

•33 

‘35 

86 

•46 

‘37 

•37 

‘35 

•45 

•72 

*37 

'35 

■34 

88 

■49 

‘37 

•40 

•40 

•47 

■74 

‘36 

•3 <5 

‘35 

90 

■49 

-36 

‘43 

‘41 

■50 

■73 

*35 

'37 

‘36 

92 

■43 

‘47 

•46 

•41 

•52^ 

•81 

•40 

‘40 

•38 

94 

■45 

‘ 5 ° 

’50 

•41 

*54 

•87 

•43 

*43 

*43 

96 

■47 

■52 

‘ 5<5 

•40 

*57 

•91 

*45 

•48 

‘44 

98 

•47 

*55 

■59 

‘42 

•59 

■94 

•47 

‘47 

*44 

100 







•53 

‘47 

•53 


Eeadings in melting 
Ice 1870, 




32*26' 32*36 32*58 
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Working Thermometers with scales marked on their own glass-tubes, in use 1867 and 

subsequently — (Contiimed.) 


TABLE X. Total corrections to the following Low-range thermometers to find true absolute 
temperature, determined by comparisons with Standard 4346. 


Temper- 

ature 

7287 

7390 

7291 

7292 

Temper- 

ture 

7387 

0 

46 ■ 

0 

-•13 

0 

““'20 

1 

00 

0 

+■03 

0 

38 

0 

-“'21 

48 

•19 

■23 

■19 

‘02 

60 

‘20 

30 

■21 

•2 3 

‘20 

‘00 

62 

*30 

3^ 

■19 

■19 

'17 

'03 

I 64 

•21 

34 

■17 

■17 

■13 

'06 

66 

•^3 

3<5 

•20 

•18 

•18 

'^5 



-19 

•18 

•34 

•17 

'II 


O O 

-•19 +*05 
' 1(5 ‘lo 


•23 
^18 
•13 -07 


04 

08 


TABLE XL Total corrections to the following High-range thermometers to find true absolute 
temperature;, determined by comparisons with Standard 


Temper- 

ature 


o 

65 

<57 

69 

71 

73 

73 

77 

79 

81 

83 

85 


■■23 

•a6 

•26 

•38 

■38 

•38 

•36 

•33 

•29 

•31 

■33 


4202 

4204 

4206 

4213 

4216 

7293, 

7293 

7296 

729S 

0 

—33 

0 

— •33 

0 

—34 

0 

-•18 

0 

-•40 

I 

4 ;° 

00 

0 

— ’30 

0 

-^‘iS 

0 

— •27 

■27 

•23 

•28 

'26 

•39 

*22 

•34 

•21 

•28 

30 

•27 

•24 

•23 

•37 

‘33 

•27 

•30 

•41 

•39 

•21 

•23 

•34 

•36 

‘22 

"21 

‘29 

‘27 

'33 

'30 

■32 

•33 

'41 

•23 

■23 

*20 

•30 

‘33 

'32 

•30 

•33 

■43 

‘20 

'23 

"20 

*27 

■33 

' 3 r 

•38 

•38 

•47 

‘I4 

•18 

*15 

•22 

•32 

•28 

■32 

•26 

•31 

•17 

■30 


*38 

•28 

■21 

•28 

■23 

•48 

•12 

•30 

-15 

‘24 

•27 

■27 

•30 

•27 

•43 

‘16 

•33 

•18 

•22 

•29 ' 

•29 

‘35 

•33 

•48 

*21 

■23 

•^3 

•27 


(31 ) The comparisons which form the basis of Tables IX, Xand XJ were all made in 1 867 ctcentin^ tho .v.vi • 

^ermometors 4.17, 4237, 4238 and 7345, wlxich were compared with Standard 4346 both in 

iifter the expansion experiments of appendix No. 6 in 1870 Each coiTection in +bt ^ 

mete. ™ed is tie tesulfo, 4 ».ns tTen by ^ 

w'e. ™ W. Hennessey, Bscj, Lientenent M. W. Eogei-s, R.E, end 
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Working Thermometers with scales marked on their oivn glass-tubes, in use 1867 and 

subsequently — (Contmued.) 

( 22 .) The occasions -when these working thermometers wei’e employed and the numbers of these mstruments 
are as follows : — 


During the compai’isons of appendix 

No. 3 


„ „ appendix No. 4 

„ „ appendix No. 5 

„ „ appendix No. 6 

During the bar comparisons at the 
Bangalore Base-Line 


Cape Comorin Base- 
Lino j 



1 .R 

’ 

h.R 

In Standard bar Ijg 


4202, 4204 

A 


4011 , 4315 

5 ? A 



In Standard steel foot 

In six-inch brass scales d, Jf, ) 


4215 

A, u, r / 


4204 

AT S T V 


4011 

see the appendix pages 

1 28 to 3x 


In Staudax'd bai- A befoi-e mea- ( 
sui-eraeut j 

7387 , 7293 ( 1 ) 

7293 , 7398 ( 3 ) 

„ „ at the 1 

middle of the line J 

7287 , 7392 (.J) 

7393 , 7398 (^,) 

„ after measurement 


7293 ) 7298 ( 5 ) 


see pages X 

, to X_ 

5 13 


LXl 

4238 

4231 

4237, 4317 


4317, 4218 


73 ^ 7 , 7349((i) 


23 . At the Cape Comorin base-line, in the absence of a sufficient number of L.R thermometers, the following- 
expedient was resorted to for obtaining readings at the anticipated higher temperatures with thei-mometers of the kinds 
l.It and h.R. 

“ Certain of the thermometers were (under instructions from the Superintendent) adapted to the anticipated 
“ range of temperature by breaking off mechanically portions of the mercury columns sufficient in each case to utilize 
“ the whole graduated scale, the supei-fiuovjs fluid being driven up and lodged in the excess bulb at the top of the tube. 
“ After this had been satisfactorily effected careful compaiisons were made by Captain Basovi and Lieutenant J. Herschol 
“ to ascertain the precise zero correction in each case.” 

“ The adaptation was completely successful and with the exception of the 2 first days’ comparisons, the G ther- 
“ mometers used remained in their respective places from first to last unchanged-” (j. hebschel, libut. k.e.) 

the “ zero corrections” thus ascertained wei-e as follows : — 

No. of Thermometer Zero Correction No- of Thermometer Zero Correction 


7387 I. R 
7390 1. E 
7291 1. R 


... + 30 ' 5 o 

... 28-30 

... •+• 39-37 


7392 1, R 
7395 h. R 
7398 h. R 


... -f- 39-75 
... -f 10-51 
... + io*( 5 o 


Worldng Thermometers employed with the G-inch brass scales belonging to the compensated Microscopes. 

24 . The brass 6-incli scales Mj N, P, R, S, T, and U are provided with straight-bulb thermometers about 8'' in 
length reading to integral degrees and mounted on metal scales : their bulbs I'cst in hollows made in the 6-inch scales. 
The other two 6-inch brass scales, marked V and W, are the only ones of modern construction ; their thermometers are 
of the bent-bulb pattern, about 5 "-I in length, reading to complete degrees and mounted on metal plates: the scale 
is marked in duplicate on the glass-tube (see art. 12). All these thermometers were constructed by Messrs. Troughtoii 
and Simms. Each has been compared with a known Standard thermometer at some half a dozen different tempera- 
tures, and the mean difference employed, as a constant correction to the readings^ obtained in practise. 


(1) Used in sets i, 2, 3 and 29 to 38. 
(3) Do. X and t6 to 22. 

(6) Do. I to 53 and 57 to 76, 

Telruary X871. 


(2) Used in sets 4 to 28 and 39 to 30. 

(4) Do. 2 to 15 and 23 to 80. 

(6) Do. 56, 

J. B. N. HENNESSEY. 
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DETERMINATION OF THE LENGTHS OF THE SUB-DIVISIONS OF THE INCH [^.^ j 

The Standard of length at present employed for determining the ricm of the micrometers of inicroscopeH, is the 
inch [«.&.] on the steel foot IF, which is divided into twentieths by lines engraved on gold pins lot into the steel, and the 
operation has been conducted in two ways. One consisted in carefully leveling and focusing tlie inch and then running 
through all the spaces successively from to & without any readjustment; the other in throwing it out of adjustment 
and refocusing after the measurement of' each space* It is now desirable that the labour shoixld be considerably reduced, 
by obtaining the absolute lengths of the several sub-divisions, so that in future any one of these may be made use of in 
place of the whole inch. 

For this purpose sufficient data are forthcoming from the records of the Computing Office and the ‘Mleport on the 
measurement of the Cape Comorin Base4ine’^ These data consist of observations for determining the rumot the micros- 
copes G and H at Head Quarters and of K and L at Cape Comorin, when the former of the two methods of observation above 
described was adhered to- Other observations, in which the^atter method was employed, have been excluded from the r(> 
duction; for the absolute length of the whole inch being alreadjr known, see page (29), it only remains to determine tlio 
relative lengths of the several spaces, and to do this it is necessary that they should be all in the same terms, a condition 
■which seems best fulfilled when the same adjustment is maintained during an entire set of measurements from ct to b. 

The observations at Head Quarters were made by two observers, each taking three measures with each microscope. 
At Cape Comorin observations were made both before and after the measurement of the base-line, on the first occasion 
three measures being taken by each of five observers, and on the second two measures by each of four observers. 

Of the lines marking the subdivisions of the inch, the 2nd, 4th, 6th ’&c., beginning from the extremity are mimljered 
I, 2, 3, &c.j the intermediate ones are not numbered, but for convenience will be denoted in the following Table by 
5? ^ dj ^ This Table contains the results from each group of observations with each microscope reduced to 

millionths of an inch, the inch [a.6] being taken jh ^29), or 999953 In combining the 

proups to obtain the final values, each has been assigned a weight proportional to the number of measures from winch 
It has been derived, and the first of the two columns of means contains these values in m.i. As however all linear 
measurements are referred to the standard bar A, and the unite adopted for minute quantities is a millionth of a yard, 
the value of each 20th is also given in terms of A, and its difference from shewn in m.y. 

-L- X. computing the probable errors, the groups have been employed instead of the original measures, a proceeding' 
which IB shewn by Chauvenet to be sufficiently accurate. No regard has been had to the p.e. of [a.6] itself, a quantity 
BO small as to be rejectaneous when dispersed over the several subdivisions. 
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Linear values of the siib-divisioTis of the inch [a.b] on, the Standard steel foot IF 


Observers initials 

J.B.N.H. &¥.H.C. 

. , ^ 

J.T.W., J.P.B., 
J.H.,B.E.B.&M.W.R 

B.B.B. & M.W.R. 

Means 

No. of measures 

6 

6 

15 

15 

8 

8 












ill mi 

In terms of A 

Microscopes 

Q- 

E 

K 

L 

K 

L 




m.i 

mi 

mi 

mi 

mi 

mi 


m.y 

Space a to o*j 

50027 

49971 

50019 

50079 

50021 

5001 1 

50030 

+ o’S? ± o ‘37 

0-5 

ro 

49990 

49973 

49979 

49965 

49985 

49964 

49975 

' „ — 0‘6g i: O‘o 8 

ro 


50005 

49978 

50016 

49997 

50014 

49985 

50002 

„ + o’o 6 ± o-ii 


2*0 

50030 

50046 

50049 

50055 

50045 

50047 

50047 

„ 4 -i' 3 I±o'o 6 

2*0 


50040 

50031 

50046 

50027 

50047 

50031 

50037 

„ 4 -ro 3 ±o'o 7 

rS 

3-0 

50069 

50095 

50078 

50084 

50079 

50078 

50081 

„ + 2-25 ± 0-05 

3 'o 

3'5 

4989a 

49887 

49879 

49884 

49874 

4987a 

49881 

„ - 3 ‘ 3 i±o-o 5 

3*5 

4-0 

49985 

50009 

50019 

49980 

50013 

49984 

49999 

„ - 0-03 ± 0-14 

4-0 

4*5 

49977 

4997*5 

49945 

49981 

49981 

49976 

49970 

„ ~ o'83 ± o’I2 

4-5 

5 'o 

49978 

49964 

^9973 

49971 

49975 

49959 

49970 

„ - 0-83 ± 0-05 

5 'o 


49960 

50035 

49967 

49946 

49999 

49968 : 

49972 

„ - 078 dr 0'22 

5-5 

6*0 

49984 

50004 

49990 

50003 

49963 

49983 

49989 

„ - 0-31 d: o‘n 

6*0 

6-5 

5003'^ 

50025 

50006 

50003 

50021 

50019 

50014 

„ 4 - 0*39 ± o'o9 

6-5 

7-0 

49968 

49989 

49973 

49988 

49969 

50008 

49982 

„ -o‘5odbo'n 

1 

7 ’o 

rs 

50044 

50005 

50001 

50003 

49990 

49991 

50003 

„ 4- 0'o8 d: 0’12 

rs 

8'o 

49996 

49999 

50017 

49996 

499*55 

50021 

50001 

„ 4 - 0'03 rb 0*15 

8-0 

8-5 

50041 

50035 

50021 

50032 

50054 

50069 

50038 

„ 4- I'o6 dr 0*14 

8-5 

9 ‘o 

49952 

49971 

49967 

49994 

49974 

49978 

49975 

„ -O-dpdrO-II 

Q'O 

9*5 

50096 

50087 

50084 

50090 

50088 

50084 

5008S 

„ 4 -a’ 44 d:o -03 

9'5 

b 

49882 

49883 

49924 

49875 

49896 

49926 

49899 

„ - 2’8i dr 0'l8 

Inch • 

= 999953 

999953 

999953 

999953 

999953 

999953 

999953 

A 

120 ^ ^ 


N.B. Tho values of single divisions of the micrometers employed vary from 40 m.i to 46 m.i. 


February 1871 . 


W. H. COLL 
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]¥o. lO. 

REPORT ON THE PRACTICAL ERRORS OF THE MEASUREMENT OF THE CAPE 

COMORIN BASE. 


This report only takes notice of cei'tain instrumental errors and errors of observation which can be practically 
determined and are free from entanglement with other considerations. Other errors such as those of irnit, of factor of 
expansion, of imperfect compensation, those due to difference of circumstances in the measurement and in the Bar 
comparisons, are here omitted. 

The practical errors of measurement may be divided into three heads ; viz . . 

I. Errors arising from defective alignment : 

II. Errors arising from dislevelment of Bars and Microscopes : 

III, Errors of intersection of tlie Bar and Register Dots : 

The two first sources of error will, with one exception, have the effect of always increasing the apparent length 
of the base ; the last one is of variable sign. The three are somewhat entangled, as for instance, the errors of cross 
levelling the end microscopes and of intersecting the register dots affect the position of the boning instrument, and 
consequently the direction of the line. 

The principle followed generally in this report is that of finding a maximum error, and then assuming that en-ors 
of all magnitudes between this and zero occur with equal frequency. Supposing the errors to be o a aa (n~i)a 
and putting x = {n-j) a for the maximum error. > ; • • • \ / 


the e.m-s^ — 


a? + + 

n 


+ (n~i a)2 


'i, 


e.m.s = 


p^e 


I 


6 n 

when 71 is large 
•39 X maximnin error. 
Errors of alignment. 


Vs 


_ The sight vane stations are considered as errorless, for though certmnly not exactly in one line, still the devia- 
tions from one are as certainly so small as to have no appreciable effect on the length of the base. 
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The remaining errors of alignment are firstly^ those of position of the boning instniment ; secondly those of 
position of the intermediate bars and microscopes. The former are due to 

(«..) Error of cross levelling of boning instrument; 

(6.) Collimation erroi', pivot error, and error due to the sliding tube of the telescope ; 

(c.) Errors of intersection of director and sight vane ; 

{d.) Error due to rear microscope ; 

(e.) Error due to leading microscope ; 


(a,) HrroT of cto^b levelling honing indrimenL The effect of this error depends on the difference of elevation 
of sight vane and Director on microscope. The steepest slope on the line did not exceed 1 foot per set ; the mean slope 
on the steepest portion was only 0*35 feet per set, viz : 19-5 feet in 3,150 feet. Supposing the height of the sight vane to 
be 2 feet and of boning instrument to be 5 feet, we have the maximum angle of elevation of sight vane = 


tai' ° = o” ,8” 


Again to find the maximum depression of Director. 

Height of boning Instrument 

Least lieiglit of director 

Greatest slope of ground in half a set’^ 


A 

2 


Difference 


m, ft, in, 

o 

6 % 6 


2 6 


Dividing this difference by the length of half a sot viz. 31*5 feet, we get angle of maximum depression 

= taiT^ = 4°33'. 

Hence 

maximum angle between sight vane and director = 4^51'. 

Let 6 = maximum dislevelmont in seconds, then error in arc or apparent angular displacement of the director 
when the instrument is in the vortical plane passing through the vane and director =: tan ^ 

The greatest error of level was 2 | divisions or 5''; whence multiplying by 0*39 

Probable error =s: dh 

and probable error of position of boning instrument in inches = i 378 x ’iSd sin whore 378 is the distance in 
inches from boning instrument to director, 

= db 0*0003 (a.) 

(b) ColUmaiion error, pivot error dkc* To determine the combined effect of these errors, the boning instrument 
was set up, and a small cone placed on a trestle of the average height at a distance of 3 1*5 feet. The boning instrument 
was then placed in line with this cone and a distant sight vane first with graduated face of vertical circle to left or 
and then with graduated face of circle to right or FJi- the difference in the two positions being measured on the sliding 
portion of the instrument by a scale of 40 parts = i inch. The results are shewn in the Table in the margin. 


P.L E.E Piff. 

4*63 4'52 o-ii 

464 4*59 *05 

4*66 4*57 ‘09 

4’ 70 4'6 o *10 

Mean difference *= 0*088 
Do. do. «= 0*044 


P.L. readings are too large consequently the telescope is too much to the fight on that face. 
The instrument was always used on F.K, so that the telescope was always to the left by 

-- 0*044 divisions or 


— 0*0011 inches 


(Pi) 


From the observations here recorded it may he inferred that the probable error of setting up 
the boning instrument is 

± o’ooo6 of an inch (Jg) 


± o’ooo6 of an inch 
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(c,) Uirors of intersection of sight vane and director. The maximum eri'or of iutei'sccting the ncai’ director 


= ’I of silver line ou director = J; '036 inches 
= o'oop inclios 

■whence probable errror = ‘009 x ‘39 = ± ‘0035 

The maximum error of intersecting sight vane = entire breadth of tin line on sight vane = '3^ inch 
and therefore 

Probable error = -35 x *39 = ± ‘098 inches 


ih) 


whence 


The effect of tins will vary with the distance : a mean distance of 20 sets may be assumed 


Probable error = ± ~ x -098 = ± -0023 inch 


(^s) 


{( 1 ) Errors of rear end mieroscope. Py experiment it was ascci-taiired that the centre of the director when 
phujod on tlic! rear luicroseopo did net cifuicido witli. the axis of that microscope, but that when the level faced towards 
tlu) boning instrument (as it did in iiracticu), the centre of tlie director was -009 of an inch to the right : couseq_uently 

the boning insfrument would place itself off tlie true line to the right by, on an average, ’009 X — ~ 

= + '0092 inch 

The value of one division of the level scale = 3" uiul taking 2 divisions = 10" as the maximum error of cross 
level, llu; director would lie ilisjdaced by 

i: (isin 1" % 10" wire re d = inouu height of tongue above i*egister + height of director above tongue = 8‘3 + 8 "3 
= 17 inch. 


probable error of position of boning instrument on this account 


± 17 sill i" X 10" X -39 X 


2o| 

20 


= ± 0-0004 

The extreme error of intersecting register dot (including collimation error) 
consequently 

± '0004 


I of the dot = -^ X ‘0091 inch 

(^a) 


or 


Probable Error 

Collecting all these errors togetlicr wo find the probable error of the position of the boning instrument to be 
= -4- ‘ooSi dh v^'('ooo3)“ + (-ooo6)“ 4- (-0033)3 4- (-0023)3 +■ (-0004)3 "(-0004)3 
2> =: -f '0081 ’0044 to right in inches. 


(ff) Error in 2>osifion of honing instrimumt dwi to leading microscope. This error will depend partly on tlio 
toU'Hcope tiiht! of the boning insf i-iunent and partly on the same errors as occur with the rear microscope. To deters 
luiui* Uin amount dm! iu tdie i.ulic of tlie telescope, a scale was 'fastened to the top edge of a trestle at the usual distance 
<if the h'lidiiig uii(-r(iS(’o|H.! and a small cone on another trestle at the distance of the roar microscope: and thou the 
honing instnirnent being aligned on (he eono and a distant sight vane the readings of the scale -were taken j this was 
done several times on both laces, the readings were, in inches. 


F.L 

F.E 

Dili’: 

6-120 

6* 1 80 

0-060 

6' I 20 

6- 1 80 

0 

0 

6-136 

6-204 

00 i 

0 j 


Mean 

0-056 


The readings of the scale increased from right to left, consequently on F. 11 , the boning instrument throws to 
the left liy i ’OS'S =: ’028 inches, 
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It was also found that tlie axis of tlie advanced microscope (V), level towards the rear, was o'oo45 
of the centre of director, so that the advanced register dot would be placed altogether — (‘028 + '0045) = — *0325 

jj; been shew'n how'ever that the instrument places itself too much to the left on F. E. by 0011 inch, conse- 
quently this must he subtracted from the above and the register dot is therefore 

— ’0314 to left 

Again Probahlo Error of intersecting director on advanced microscope is i '009 x '39 

= ± *0035 

and Probable Error of level of microscope as before 


± *0004 


and Probable Error of intersecting register dot 


= ± *0004 


whence combining these quantities the error of position of advanced register dot 


•0314 ± A-oo 35 f + 
■ '03 14 ± '0035 


Next to find the effect on the line. 


u /a 





Tf S b,. fl»> vaM, 1 ! tl.o tmo position of liooing imtrumeat, A tlio odvuneed and E tte reax . 

ti T. - . „ 0 m Jr sots bot«o. li and S so tl.at B S = » + i i to if B B, = J,. fte mstramont w.11 

u\r} i^o d 1 ,*b mw pheo tUo advanced register at A, instead of tie n^t s<*. tie 

. s ,-lt »iil 1.0 ft Bs iotol of 'i, aud tlte 2ad rtgistex «ill be laid do™ at A, iasteidof a.; and so on. 


If qM the distance of the rth register dot from the line, we find 


j 

q^ = A A i = A Oj + q ~ ^ P + 1 


(n - l) I 


» 4- I n - 1 


q.^ = A' ig = i' Ct2 + 2 


91—1 






(»i - I + I) I — ^ ^ _ I + I n 


and generally 


»,=(—'■) [(di+ 


H — I + i 


= (» - + jTVTTI'^ « _ , + a - a} 


0 <♦ « 
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If the boning instrument was originally off the line by a quantity s, then the term 


n — r 
s 

n -f -J- 


must be added to the above, 

Tables for both these series were formed by summing continuously a table of reciprocals. 

To apply these expressions to the measurement : in measuring North to South the sight vanes were at tire fol- 
lowing distances apart in sets 

53 , 39, ^ 5 , 25 

and in measuring from South to North the distances were 

50, 39 » 53 

consequently, since the sight vane was always removed (except at the closing sections of course) when the measurement 
arrived within 4 sets of it, the values of n, for the two circumstances of measurement, are 
North to South 53, 43, 29, 29 
South to North yo, 43, 57 


The following table gives some of the values of for the first section the minm sign signifying to the East or 
left hand. 



!? = 

— 

f sr: 

s = 

A2 = 

I 

“ 0-0234 ± -0055 


3 !) 

— 0-4689 ± -1080 


% 

— '0464 =b '01X2 

— 0-0230 ± -OJ24 

36 

— •4663 ± •1073 

4 - 0-0026 i *1522 

3 

— -0695 ± -0x63 

— -0231 rb -0198 

37 

— -4632 d= -1062 

+ -0031 dc '1509 

4 

■— -091 X ± * 02 x 6 

— -02x6 d= -0271 

38 

1 

CO 

ff 

0 

-f -0048 ± -1492 

h") 

— 0-302 1 ± -0703 


40 

— 0*4436 ± •lOII 


r6 

— ‘3178 ± '0740 

— 0-0x57 db -1020 

41 

- •4337 ± ‘0985 

-f 0-0099 ± ■1411 

17 

- -3319 ± 

— *0141 sb -1070 

42 

— •4217 d= '0956 

•+• -0120 d= *1373 

31 

— 0-4649 ± ‘1074 


46 

— 0-3507 ± -0780 


3 a 

— '4673 ± ■X079 

•— 0-0024 ± -1522 

47 

— -3256 =b •0717 

-f- 0-0251 d= *1060 

33 

— *4688 ± *1082 

— '00x5 ± •r528 

48 

— -2965 ± -0647 

+ -0291 ± -0966 

34 

•— -4695 ± -1081 

— *0007 =b '1529 

49 

■— ‘2627 ± ’0564 

•4 -0338 ± *0858 


The mean value of A (2 from the first 34 is 


— •013;'; ± ’1017. 
and 

The mean value of A g from the last 15 is 
-j" *0147 i '1^06, 

consequently the mean value of the angle of inclination of any set to the lino is clearly 

< tan — “ = 36" very nearly : Now if ^ = angle of inclination of a sot to the true line, then the 

0 

error in length of the set = 2! Sin® ~ 2 x 756 Sin® 18" in inches, = -0000115 inches, and the error of length of the 

!2 

first section = -00061 inches. 

For the other sections tho amount will be the same for all practical purposes, and the effect on the whole length 
of the base may bo asserted safely to be not more than 141^- x -00001 15 

= 0*0016 inches. 

It will he interesting to compare the measured differences of alignment at tho Kegister Brasses XT Z with the 
computed differences. 
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For X, mcasniing North to South 22. = 53, r = 3^ therefore — 0*469 ± ‘109. 

For Y 92. = 43, r = ai and s = — '26a db *058 
— 0*488 dh *087 

for Z 22, = 29, r = 17 and s = — '267 d= ’053 

Zj^ = — 0*369 ± *o6a 


Similarly measuring South to North have 

For Z = 30, r = 37 

whenoe Z3 = + 0*426 d= “098 
for Y 92, = 43, 2’ = 26 

whence = + 0*482 rh 0*001 
and for X 21 = 37, r = 22 
whence Xcj = + 0*382 d= 'lox 

conscipxently subtracting the values N to S from those S to N we have 


= + 0*237 ± *036 
= + 0*287 ± '034 


Computed difference 


Measured differences 


atX 

-i- i'o5i ± ■149 inch 

(II - I) + 1*033 

(lY - III) 4-1*521 

Mean + 1*277 

„ Y 

“f” 0*9/0 rh *12^ ,, 

„ -1- 1*090 

„ •+• 1*840 

„ + 1*465 


+ 0*795 ± *116 „ 

5 , •+• i'043 

„ -1- 1*463 



Though it is evident from those results that some source of error has been under-estimated, stHl the effect o; 
the length will bo scarcely increased, as that effect is due to the differences in the errors of the alignment of the severa 

sets. 

The cn-or in length, duo to defective alignment of the ends of a set, has been investigated, but, there are stil 
the errors of alignment of the intermediate bars and microscopes to be considered. 

These are 

(«} Error of intersecting director. 

lb) 'Mrror of cross levelling microscopes. , , , . . 

(r) Error of non-coiucidonce of axis of microscope with line passing through the foci. 

{d) Error of intersecting dot on tongno of bar. 

(e) Error of side telescope. 

The probable error of intersecting any director by the boning instrument may be taken as 

± 1: X -036 X -39 = ± -0035 inch ^ ^ ^ ( 

The maximum error of cross levelling a microscope is 3 division = 15" 

whenoe Probable error = 15 x '39 = o nearly 
and displacement of director = ± 8*3 sin 6" 

= db *0003 inches (■ 

(c) In all tho microscopes there was a slight excentricity of the axis 5 on an average it did not exceed twice t 


(«) 


diameter of a bar dot 


or *006 inch. 


(i) 


The error ef pleoiog » dot midway betweea the poraHel wires did not esoeed as a nammnm the diameter of t 


dot so that tho 


Probable Error = ± *003 x -39 = d= 'ooia inch 
ie) Errors of tho side telescope. The combined errors of coUimation and parallelism were as foUows : 


During I 
II 

measurement mean of 7 microscopes 9 
Do. do. I 

57 

9 

III 

Do. 

do. 2 

0 

IV 

Do. 

do. I 

21 


Mean 3 37 
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Tho effect of tills on the position of one end of a, bar is ± 3 sin 3' 3)" — ± ’0032 inches («i) 

And if “ of an inch bo tho maximum error of intersecting the horns of the boning instrument, then 

Probable error = db 'i X ‘39 = ± *039 inches, 
and tho effect of this for the mean microscope 

= d= '0 20 X 7- = ± *0002 inch 

12x63 

Ijastly error on account of difference between half the space between the two horns and the space proper to each 
microscope. Those differences and the angles subtanded thereby at the distances of the respective microscopes were 

as follows : — 

/ U 

W microcopes 'oi inch substanded angle 03 


S „ *00 „ 00 

U „ no „ o 12 

M „ *06 „ 06 

N „ ‘02 „ 03 

0 „ -09 „ o 15 

V „ -14 » o 13 


Mean o 8 

The error on this account = ± 3" sin 8" = ± 'oooi inch (<^3) 

Consequently the whole amount by which one end of a har may be placed out of line between the ends 

= ± 

= dh *0077 inch. 

For tho cstroines of tho two end bars tho first two errors have been already allowed, consequently the probable 

error of their aliguinont is ^ . 1 

dh ‘0069 inches. 

The angle each cud bar may make with the lino is 


and each intemediate liar 



■0077 >/% 
12 X lO 


= i8"7 


and cfll'ct o» tho length per sot ^ ^ <ij' 

= 2 X 0 X 120 bin -‘9 

and on Ud| sots 

Also the error on the part measured by the microscope duo to (d) and (e) 


= •000,002,74 foch, 

= *0004 inches. 

± -0034, and the angle which the 


inicroscopo makes with the 


^ /•QO 

» liiii) = SiiT' 2^, whmoc error in lenjtli pa- mioroscopo = ani 


6 X 


and error in 141 J- sets 

^ , X*' .A. ^ 


2X6 


= "0008 inches. 

We have therefore tho total error in length due to errors of alignment 

S= 0*0028 


-f" ’0016 '0004 d* ’0008 


( 1 ) 
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II The errors of level. These are of three kinds. 

(a) Errors of bar levels. 

(b) Errors of microscope levels. 

(c) Effect of level error of end microscopes on the length omng to look doTO telescopes. 
The first two errors are of invariable sign. 

( a ) Bar Levels 

The values of one division of the level scales were found to be as follows j 


A Bar 
B „ 
0 
D 
E 
H 


U 

ir 

5 - 

5 - 

& 

2-3 

8‘3 


Mean = 6-3 

The extreme on 01 of levelling a bar may be set down as zt 2 divisions from the supposed true level reading : whence 

Probable error = ± i2"-6 x -39 = ± 5" nearly. 

The level readings compared with tlic plane of the tongues were determined before and after the first measur- 
ment and after each siuiocssive moasiirornent. The mean of the readings before and after a measurement may be taken 
as the true reading, and the dilFereuco between this mean and the first of the readings (which was used in the measure- 
ment) considered as the error. These errors converted into arc were as follows : 


I 

II 


IV 



A 

B 

C 

D 

E 

H 

Measurement 

U 

11 

// 

12*0 

ft 

i7'5 

tJ 

15-0 

U 

3 i‘S 


28-6 

4*5 

24*0 

49*8 

38-0 

5-8 


22-0 

1*0 

40*0 

3*0 

207 

12*4 


8'8 

®’5 

®7'5 

39-0 

24*2 

i4'i 

Means 

i(5'8 

5*0 

27-3 

30-6 

24’5 

i6*o 


and General Mean s= 20". 

Conseqnontly error of measurement in inches per set 
and error on 141 Jr sots. 


720 X 2 I sin® 10" ± sin® 2!" J — ‘000,0034 ± *000,0002 


= '0005 ± ‘0000 (a) 

( 5 ) LpmU of Microscopes. 

Tho values of the level scales of the two end microscopes Y and W were found to be each equal to 5" per division, 
this value may be safely assumed for all the microscopes. 

The maximum dislevclmcnt may be set down as 5 divisions for the intermediate microscopes and 2 |- divisions for 
the end microscopes, the latter being invariably levelled with veiy great care. Consequently the average errors may be 
taken as if x ‘39 = 10" for the intermediate and i2"‘5 x ‘39 ■= 5" for the end microscopes ; and the error in length 
per set 

= 5 X 12 sin® 5" -f 12 sin®2|-" = 12 sin® i" (i2j -|- 6'25) 

= 1575 sin® i" = *000,000,04 

and on 14x^8' sots 

= *0000 ( 5 ) 

(c) Leveds of end microscopes. A.nj dislevelment of the end microscopes shortens or lengthens the base 
according to which direction the axis of the microscope is inclined ; consequently the error will be of an uncertain 
sign. As extra care is taken in leveling these microscopes, the maximum error has been taken as ai divisions and 
the probable error as — ± f 

If c? = distance of register from tongue at rear end. 

And B = distance of register from tongue at advanced end. 
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ON THE PEACTICAL EREOES OP THE MEASUREMENT. 


Then probable error in length of one set 


= ± sin 

consequently for whole base 

Probable Error = ± sin 5" -/S (<i®) + 


= ± sin 5'V85'4 + 76‘4 i’l 

= ± '0037 inch (c) 

Hence Total due to errors of Levelling 

= '0005 db ’0037 (II) 

III. Tlie emrs of intersection. 

The Diameters of the dots on the bars were measured and found to be as follows in inches 



Left Lot 

Eight Dot 


inches 

inches 

Standard A 

o*ooa6 

0*0028 

Bar A 

0*0031 

0*0025 

„ B 

0*0038 

0*0026 

„ G 

0*0028 

0'002I 

„ D 

0*0034 

0*0031 

j, E 

0*0029 

0-0023 

„ H 

0*0026 

0-0028 


Mean 0*003 1 

0*0025 

Mean = o’ooeS inches. 


Also the dots on some of the registers and pin heads wore measured viz: — 

Kegister A ‘0074 Pin Dot No. ii o'oiio 

), C '0095 » . 23 •0091 

,5 15 '0080 „ 27 -0107 

3, 40 .0080 

Ooneral mean = -009 1 inclios. 

The maximum error of iutcrsocting register dots = ■Jth of Diameter. 

Do. Do. Bar = Ith „ 

Whence probable error in the former 

■000 1 . , 

= ± — ^ X -39 = ± ’000,444 inch. 

and probable error in the latter 

, ’0028 . , 

— 4_ X ’39 = ± ’000,273 inch. 

4 

and probable error per set 

= db ■s/a X (’000444)2 + 12 (’000273)2 
= db -001135. 


Therefore the probable error in 141I sets i.e, on the whole base 

= ± '001135 -s/ 14 i j- 
= ± ’0135 


(III) 


Combining errors 1 . II. Ill, together wo obtain the whole error of measurement arising from the causes which 
have been specified. 

= db ’0033’*' db '014,0 inches. 


* By an overnight in calculation this quantity was originally found to bo + 0017 inch = *00014 of a foot and is quoted at this 
value on Page (78) Chapter Till Section 10 of this volume. 

J. P. BASEVI, CAPTAIN, R.E. 
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The 'hori^ordaZ intervcd^ ccrircspoTui to onr hoii^'. The ve/dwcd^ znter'vctL? coz^r'z’sj^orwt to -2 didU'ixiTl^ vf the 
mu'-f'ometei^ ore the imter' ^foaZe, and to 20 rruUioTidis ofodyoord oro the outer scrxte . The otoeri/octxor of of' 
iiu Stfxndurd were redktced to d2', wi&o ffte oltt valijbe of Bte frxchir of eocpcwwiorii or ‘000,000^^01, for FF . 








FLATE. JL 

Mxcess of congyensatloro bars over Stajoletrcl at 62 1 Cape Contorirh Ease 
Brass CoBipoBeats West . Comparisons (1. 2) 11^ AamieayMCB. 



1!1t& TiorvLowbcil iitjbeyvciis coT'r&sfpoTtdi "to orte Tiotct'. Thj& vcT'ttcdC tnief'WxZs corr'^jporui ^ 2 SxjV'csicT^ ifiSte Tivic'f'OTrtei^iiT’ owOte 
trover beetle, <xttcL to 20 rroJOi^Tt^ of ov ^a:r‘ci orv the outer e^caZe. The ohservoOiot^ of the StemfUxrdb were redticett 
to 02” with 0ie oloL vatove of the fcvctoi* of eocpcontoiorv , or *000, 006 t 201, for 1 F. 


€. DvaoKj Photo. 


0. Gl. OjjMmikCNf SSiiKy. 





















jPLate. m 


Eoccess coTrpm&'otloTi hccrs over Standard at Cape (hinorin/ Sase. 
Brass Components West , Comparisons (l,o) JaraixxrylS69* 



The. 7torht>ontiod> intervals ccfrre^oTtd to one Twur.^ The vertical interbeds corresponiA to 2 diviMone op die nmsrometer' on dte imteir 
ecede , cend to 20 mUlionffts of ayard owOu- enter scale. The obseoyaiions of the Sumdard veere reduced' to with/ 'the- ohd vedue 
of fhe factor of eapansionj, or '000,006,801, 


0. PrsoM, Fhoiio. 


0. G(. ^inua. 























PLATE IV, 


E:)ccess of compmmixm/ bars ovu* Standard A at 62. Cape^ Cormrin/ Base/, 
Brass CoHiponents ^West. Comparisons (1.4.) I8SS, 



The/ horixontcU/ i^ntervoLs correepon/d/ to one/ houn , The/ verOeaL into/rvals correspond to Z divis'wn/S g/' the/ micrometer 
orv the/ inner scale/, and/ to ZO ndVionths ^ cu yard/ ofv the/ outer scode // . The/ ohservtdM*ns g/* the/ Standard/ were/ 
reduced/ to OZ" with/ the/ Old valxue/ ^ the/ factor of coopansum/, or ’000, OOS, 801 , por 1 F.~ 


C, Ursov, Photo. 


0. a. ZJnco. 




















Tmu> 




fhf^ Jwr^mtal intervals correspond/ to one/hour... The/ vertical/ intervaiU' cory^eopond to 2 dveisioTvs of the- micrometer on- the- wner 
,vcaJ 4 ^, and to ZO mllliondio ^'o/yard owthe/ outer scale/ The- obseevatioivs of thA>- Shmdat'd/ were‘ reduced to t>‘X* with the. nUl 
value/ of the/ faetar of eotpanestion), or '000,006,81)1, ^ for 1* f. . 

















PUTE vr. 


af mmpemmHon hat^ over Smuiard A nt' 62! (hpe^ Comorm Bam 
Brass Components East. (bmparimm^ Jmamry IS60. 



Th^ horvXjontuL mt^^als corr^spon/L to orve/ hour. The/ veeiiceil mi^vaCs corre/spotid/ to Z dhi&ion^ of tiw nU€rom 4 ter 
ow the utner scale, omd to ZO millionths ^ w par d/ on (M outer scaU/ . The ohseroidwns gf the Stemdard -were reduced 
ix> 6 ‘ 2 " wvdv thr old ‘VaJue ^ the Jdotor of eoipaecsafrv, Or' '000,006,^01, J^r 1 “ F.- 


















PLATE W. 

Eaxe^s qf mmpmsatmn bars over Standw'd A 62 ° Cape (hmorin Base. 

Brass ComponeTits East. Conparisons February 1869. 



Q. Q, 2sgco- 














PLATE T.m, 


Eoc€e.^s of cowpms(xMji)iv bars tmr Stxmdiwd; A oL 62? GyrmyriMh 
Brass Components East - CiMipairlsofbS (K. 4 .) i? “ Pdtnmr^ 18^5B. 



Tht' IvorixontaJj uvter^l^ corre^ptmA to one hooT , Tho w/erval^' (kyrrMpovA/ to Z dwoswns g/' imorofuM^ oiv thx.' inner 

onA to ZO miAionihs of wy^terS on ihr^ outer escetle/. The/ otfservutions g/* ttie/ SianAdtrd were- re.dM.eeA> to OZ.-witio the ohi- 
vuJkte/ itie/^axior ^ eoq)WM!wn/,or'OOO,O06,8Ol, Jkyr 1^ F , 


C, DiWK, Pli<»to. 


C. Gt. 0lXit»34CR, Silica 













The hori/x<ffttaL interbeds correspond to one hour. The vertical interrods correspond to 2 divisions qf the rmerometer 
on the inner scede, and to 20 mdUonths q/dpard on die outer scale , The observations qf the Standard were reduced . 
to 621 Math the old value qf ihejhctor qf eoepansion^ or 000, 006, S01,for l^F.- 

0. Dxbow, Photo, 0. O'. OUBKBAOir, 2inw. 





















PLATE X 

Ea^ess of mmpmsation/ bars over Siofidard A 62 , €cxpe/ Cbmorm Bobse/. 

Brass Components Vest . Comparisons (HI. 2 . ) IS “ Fehrtmr^ 186S* 



The, horvxjontal vnJbbr^fids correspond to one/ hour. The, verttocd mterveds correspond' io Z dimsiom of ihi/ micrometer 
on 1}te/ inner scode/f cuneL to ZO nuMiontihs w yord on the, ovtier scale,. The, ohserraiwns ^ ^ the/ Stordeurd were/ 
rtdnce/d to €Zj with the, oteL ‘V'cdue/ of the, Jewtor of eopaevswn^ or '000, OOS, SOI, for 1 F.^ 

C. Dvaojc. PhutP. OxiumiCit, 2inpp. 

















TLATE X[, 

Ejccess of (wnpmjsatmv over Standard A al 62 . (Jtpe Qmtarm Base. 

Brass Components West . Comparisons %lfi Eehruar^' 186S. 



rhf hori xontal' correii^ond' to on& h/)wr, Tlte^ v^etrtixxdt inOitvaJjs c^rre^spondj to Z dijv-MwrtjS ^ microme^ orvOw imter • 

tmd/ to ZO miJlMmOos pf w ^ard ow> Oie/ oxdx^r ^caZe^. Tlte* ohstTvaiiovjs <i^ th^ Stcmdard Mter^ veoUtced to 02i* witJt/ Ot£/ old/ 
vixUw of tkt JoAd^r ^ &iop<m^miv,or"OeO,006^S01,por V r. 


C. Btson, Plioto-, 


C, a. Ou^'RinucK, Zir ~ 


















T}u> korvzontal mixrvals co/rrespoful^ to one hour. The rerticaZ- injterrcds correspond to Z clerfswns q/* ths> micronisler 
on the inner seals/ ^ and to ZO millionths qf n yard on. the outer scale The ohserradons qf th/e Standrerd were. 
rediLctd/ to 6Z° wide the old vctljne qf the parlor q£ eapansiojv , or '000,006,801 ,^forl 


.0, pyaoN, Photo. 


0. 0^ Zinoo. 
















TKa hxff'i/tontcil mtervals correspond to ono hour.. The vertuxid mjfxrrals correspond to ^divisions of the mici'am^ter 
on the> umer scaJo , and to 20 mzUiontks tf co yard on the/ outer scale,. The observations o/' the standard were 
rediiced to 6Z^. with the old valxoe thefactor OjT expansion, or- OOO^OOOMOlfhrl^F.. 


o. DysOK, Photo. 


C. a. Zhico* 
















Tvmjt 












Tke^ kormorvtal mt€rrals correspond to one hovar The yerticaZ mtervals correspond toZcUrmom gT themxmmeter 
on the mner scale , and to ZO millionths qf co yard on the ovuter scale,- The oBsajrathm ^ die Standard irere 
reduced to 6Z? frith ike old ralne ^thejhctor ^ expansion ^ or ‘000,006, 801 


C, Dxwlr, Plioio, 


C. O'. Qaxmu.cyi, Zinco. 


















I true . 


^ ^ Ri 

Xlie it/orirt^mitcd inter’ycuMst tif mm hour. 7Xh 

oti ths inner scale, ami fr 20 milliimthA'ofet ^<xrd- on th 
reihxced to 02 1 wdh* flie ohi %'ijdue of flic Rhetor* ifjf ' 
C. Dfsos, 1‘liofo, 





















PLATE XW. 

Ecccess of compematiorv bars over Standard A at 62 Cape/ Comorm Base>» 

Brass CcarycBaeaits East . (hmpcurisom (W^4'.) 10 '* MarcJv 1800 • 



!I!h£^ hfHxmOal mOrvoUs correspond to orw hour. Tho vertical intervals correspond to 2 divisions ^ tlw micromeUr 
on Ow hour scps^, and to 20 nulUonlks of w pard on o^ter scdU . The^ observaiions ^ tfw Standard were, 
reduced io 6Z" widk dw old value the/ factor qf expansion, or '000,006, 802, jor I'F 


C. Dr«ox, ]Phot<>. 


C. Q, OjMutkCH, iSIttoa* 













hopiTi^oniaii vnJbcp'viAhs corptyaond/ "to ovie/ houp . T!h£> vppfjp vi/Ptioctl' inti’jpvui^ oomtA'pCfid/ tv 1 qf te^iyoi/patnu^i^, 

Tiw/ Ivwtp v^iicuh {pvt^ryviLs covvtspoTid to /2 dwhswtvs ihit/ Tni£iy'otfiti£*^ on/ tdt£>' mner scjxlv/, (tndj to HO yrullionths ^ 
^ yard on/ the/ outer scale / ... ■ 

c, Dssok, Kioto. 







IfJbATM AVlli 


Ordinary andy corrected CA-orve^ of eoceecs of mean, of' Comperisatiorv over Standard at 

62 "* and carves of temperaiiwe^ of and- of standard. 

Cflp& Goirwrilb .Base^. Brass Components West , Comparisons ( 1.2.) 11'* January' 18CS, 



Tim£^ t> «tt fsi M -v* Tim^ 


X%e Jurr-ixoTviat intervals correspoitA td oiw hour . The/ xxpper vertical intervaZs correspond/ to 1** T . q-f tmp&raAure/. 
Thw lower vertical/ intervals correspond/ to Z divwions op the Tntcronuster orv the/ inner scale/, and/ to ZO mdUonths^ 
a/ parcb on the/ outer scale/ 

C. 0. OXiIlBKBAOR, 2fiaoo, 


O. Dtsoh. Photo, 
























Ordinary and corrected, ciirvcn qf encces.^ of nuan of Compensation, Bars over Standard at 


62 and curves of temperatures qf air ami qj^ standard , . 


Cctpc CoiTWrili ./{(Z^^^Era&sCompontiiitsWest. GotiipcirisoTis i ) 2S^ January 1869 ^ 



ThA. horimonial mterrats corrtspond> to one h^vr The, upper vertical mlervais corre^pouAl ta txmptroijaH . 

The lower vertical inlervals correspored to Z (Uvmion,s 0' the murometer on/ the imur scale , anA foZO ynAhonihs ^ 
a. yard on ike outer scale , 


0. Dsr^oif} Photo. 



























Tim* 




^ W . r^ 

m W »r,^ uvUryaU corr^spmd. to 2 diyUU,n^ ^'tho nu^nuUr on. Iho uma ocoto , anol 

^arrl otv the> ovder tcaJU ^ , _ c. a. ottwnucH, zmw. 


n T\— . 



















00 05 ^ ftf M 


TJw hovi^^ontcd- intervals covresjxoiui to one hour. 77te upp^r verixcal inlee'vahs correspond, iol F. ^ t&npepoixirc 
The lower v&'tCccd.^ intervcds correspowd to Z divisions (d' the* niiorcrneter on dw mnor scaltf, caul to ZO mdUonms 
^ O/ pard orv ilw outer seeder. 


























PLATE XSJT . 


Ordiriarif and a)rreded> curve^^ &f eoccess ffmemi cf (hTnpmsafwri Hors cfver Standjcurd cft 
62 " and^ curves of tmgoeratures of car caul ^'staudccrd, 

QjipC CciTtOTlTl Componeixts'East. Cornparisojis (11.3.) 2 Jaraiccry , 1869. 










tdh vni^i^aLs ^coy*r&sp6nd- to . 'rhti/ \xpper vaHujCtl irde^r vid^ jcorri^pond to T t\ ^ tCwpe'rcut!W^& . 

vrUcaJb mierv€iZ<s ..correspond to 2 divisiotis the/ ndcrorruUcr on tJn/' inner scode, ,and io 20 millionths- ^ 


Th.e' liorvxonUjdf mtero^oLs 
TTu‘ lower vertical mtervcu 
/JO j/ard on {hi/ outer scale/ 

































PLATE XXrV. 


Ordinary and corrected curves of excess of mean of Compensatiow Bars over Standard at 

62 ° and curves of temperatures air and, of standard ■ - 

(hpe, Conwrirt Bas<t . Components East, fhmparisons {tAei) Jf^FeSruary 186S. 



The hariMntal, ixtba-vals corrtxpond to one hour. The upper vertical inia-vaU correspond, to IF. of ■ 

The lower vertical inta vabs correspond to 2 divisions of the nucromeicr on. the, timer scale, and to 20 mdbouths 

of* a- iffxrdi orv itko outer scoIa. 


















Ordinary and correeied curves ^*eaxess of memv of Compensadjorv Bars over Standard/ aJb 
62 ^/mjdj carves ^ tempe/rojtures ^/xir and of ^^tandm^d/n 

Ocif)0 (jOWlOf^ijy Btxscy 12 FcBriiccry* ISO^* 



The^ horijxjorUal int&ryols /^rre^OJi^ td orw hour . The/ 1J0>^ reHical i/rvte/ryals corr&sponS^ V f. F. gT imperc±are^ 
The/ loner VeHieai inierraU correspond/ to 2 dmsions ^ micrormter orv tJw inner scale/, and/ to 20 iniUiont/hs ^ 
M/ yard/ oru dw outer scale/ • 


r\ Ttiranwr 'PlkAhi. 































Ordincay and corrected curves ^cdccess ^mean Conpensatim. JBars over Standard at 
S2**anjdj oaves ^tmpercdures ^ car and of standard. ^ 

Gc^e (jDmarin JRcnse. Brass CompoueatsWest. Conparisons {)3 lL 2.) IS^FSruary 1869. 



The hor^imcntal irobervcHs ccrrre^ond to one Jwur.The u^en verticodi intet'vcds corr'espondto ITF. o/^tmyoeraiwre. 
The lower ver*tLCCil> intervals correpoiicL to 2 divisions of Oie mhroTneter ontho inrter scale/ aiidiv 20 TTulliorcffts of 
ct pard on die outer scale 

C, Dywoj?- Bboto* 


































Tvmg/ 


Time 


n.- c^r»pona «, ««/ W . Th^ «»’«■ !^IZ^r 

Tk., w «H««/ i„i»-m4r ^rr^ond to 2 <«««»«« tfa/ ™«r .ca^* , 


«' ifiJU'd ofv tke/ omter scale / ... 

-sij 


1*1 















7 ht' hori/x4>ni€Ll uitei^als wTrespotid to one' hMW . Th£^ ufyper Tertieal corre^spond to 1 JF. ^ t£inp€r€ttij(i‘e> * Jh6 

iofver rerti^aZ intei*ra/s comospoTiel to Z dwi'sion^ pf the^ jyizcroni&ter oni tho iruter sccdo , and to 20 mxIhoTtihs q/' a yard 
oiv outer scadej , 














PLATE XKJX 


Ordmary and corrected curves of ecccess qf rmanj qf (hmpensation Bars over Standard at 
62 ^aiid curves qf temperatures qf'car and qf standard. 

Cape Ornwrin Base/ .Brass Components East . (hmpansons CIT.!.) 26^ Feiruary I86S. 



TKe/ horinconjUil interrals A^rrespondb to oji4> hetwr . The/ upper vertlcaJb inJxrmis correspond/ to 1 ^JV. ^ imperature- 
The lower rerticoil interrals correspond to 2 darieions oj" thr/ micrometer on the imier scxde y (md to 20 miUioTvf^ of 
axford on the outer scale , 


/I Tl-VCIA* 























, PLATE. EXX. 

Or(£/umi am! ^ 7 , , 

. ^ ^ <^it3r~yes of eaccess of mean cf Campenoaiwn Sans over Standard at 

6S: and cuny ^ ^ and of stanJard. 

{ape (tmomi ^ Brass Coir^onents East. [W. 2 ) 27 Febrvxirv. 1S69. 


Temper€xt4(re4 


ScttZds. 


iZ. Tfh.y*. 




no\ .J 

^ 

Tmt^ 



c e ^ ^ y\z 


n, 


0 r r 




T—t-^ 


~1S0 L, 2t5<? 


Tmw 


Yl i • * 7 cerrespond to trne hcur. Tfm ipper vertocaZ iMervals CGrT'espondtol'’F.oftefr^€rajti£^ 

^ ^ divisicrrhs ofihe rrdcrom&ter on the inner* sccde, cend to 20 rmJJixinihs 


n. Or.l^t’UNDJlrlU. 55(mi'n. 









FLATrj, AAA/. 


amt corrected ourveo of eocee^s of mean' of (bmpetfAsaJwrt/ Bars over Standards a t 


62 ^ and curves ^'temperatures of mr aeict p/ standard . 

Gxpe Comorinj Base . Brass Coitq3oiieBts East . Cumparisoms ( IV .'i ) x 9 - March 1869 . 



TTw harv%.onUxl/ jnterv^aZs correspond/ to one howr . The upper -verticah intervaZs correspond/ tv Tt, of tmpeCtdtwre, 
The lower -vertical inleryals correspond to % divisions of the jnioromeler on dw inner scale/, and to Zo rniZUonlhs of 
w 1/ard on ike outer scale. ^ 


VM . J__ 













The/ horvtoritaL wJberrals wrreimmdtoomTwiwTh^ ywUGal mterYole correspond/ to 1 F . of t&rnp&T a/tt^ e . 

The h^e/r rerUcal IruU^rvcks corresporidb to 2 di^ulomof^rruA^oma^owdw imt^rs(^^ 


Cb ^ard/ qrv dm oiftffr scale / . 

















PLATK XXXm 


Z' /' ■ T> « ^ A /// 

C^pe (Mnm Ba^e, of mmrv of Cmpo»^atiow Bars over Stmuiard , 

corrected Jor werymng lut> difference of temperatur e of brass Sc iron components . 

ScaZe^ I 1 I --T— ^ 






























